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with it, as well as in cases of pathological pregnancy or of 
unsuccessful pregnancy. 

See paragraph [0195] of the published application. The assertion is specific because it is 

directed to the specific subject matter disclosed in this application, and the assertion of utility 

is substantial because it asserts the use of the claimed subject matter in detecting, predicting, 

treating, and monitoring autoimmune diseases and their related pathologies, as well as 

pathological pregnancy or imsuccessfiil pregnancy. Thus, the specification asserts a specific 

and substantial utility for the claimed subject matter. 

Paragraphs [0196] to [0203] discuss the links between retrovirus and autoimmune 
diseases and retrovirus and pregnancy disorders. Paragraph [0204] asserts, "All these 
observations make it possible to use and consider the above-described biological material as 
marker for an autoimmune disease or for pregnancy disorders." Here again, the specification 
asserts specific and substantial utility. 

The question remains whether such assertions are credible. However, the Office 
Action fails to establish a prima facie case that the Applicants* assertions of utility are not 
credible. Indeed, the Office Action does not even recognize that the specification contains 
assertions of utility. 

Case law directs that a statement of utility made by an applicant is presumed true. See 
In reLanger, 503 F.2d at 1391, 183 USPQ at 297; In re Malachowski, 530 F.2d 1402, 1404, 
189 USPQ 432, 435 (CCPA 1976); In re Brana, 51 F.3d 1560, 34 USPQ2d 1436 (Fed. Cir. 
1995); MPEP §2107.02(m)(A). MPEP §2107.02(III)(A) provides that when a statement of 
utility is evaluated by Office personnel, they should not begin by questioning the truth of the 
statement of utility but, instead, must start by asking if there is any reason to question the 
truth of the statement of utility. To overcome the presumption of truth, Office personnel must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the 
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truth of the statement of utiHty. Id, Again, the Office Action is silent with respect to the 
credibiHty of the assertions of utility made in the specification. 

The Office Action, page 6, asserts that there is a lack of evidence presented to indicate 
any association of the sequence to autoimmune diseases such as multiple sclerosis and 
rheumatoid arthritis and too unsuccessful pregnancy or pathological conditions a pregnancy. 
In response. Applicants submit herewith three articles that discuss the association of the 
HERV-W gene sequence and proteins it encodes with some of these conditions: 

Ref 1: Antony et al., "Human endogenous retro viras glycoprotein-mediated induction 
of redox reactants causes oligodendrocyte death and demyelination," Nature Neuroscience, 
7(10):1088"-1095 (2004); 

Ref 2: Antony et al,, "The Human Endogenous Retrovirus Envelope Glycoprotein, 
Syncytin-1, Regulates Neuronal Inflammation and its Receptor Expression in Multiple 
Sclerosis: A Role for Endoplasmic Reticulum Chaperones in Astrocytes," Journal of 
Immunology, 179:1210-1224 (2007); 

Ref 3: Langbein et al., "Impaired Cytotrophoblast Cell-Cell Fusion Is Associated With 
Reduced Syncytin And Increased Apoptosis In Patients With Placental Dysfunction," 
Molecular Reproduction and Development, DOI 10.1002/mrd.207239, pp. 1-10, (2007). 

Ref 1 reports that HERV-W encoded glycoprotein syncytin is upregulated in glial cells 
within acute demyelination lesions of multiple sclerosis patients. See Abstract. Syncytin 
expression induced the release of redox reactants that were cytotoxic to oligodendrocytes, 
which led to neuro inflammation and death of the oligodendrocytes, which was linked to 
neurobehavioral deficits. Id. 

Ref 2 reports similar findings as those reported in Ref 1, and further investigates and 
reports the mechanisms by which Syncytin- 1 mediated neuroimmune activation and 
oligodendrocyte damage in MS patients. 
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Ref 3 reports that the envelope gene of HERV-W is a key factor for mediating cell- 
cell fusion of cytotrophoblast, and discusses the link of Syncytin to patients with placental 
dysfunction. 

These reference substantiate the Applicants' assertions of specific and substantial 
utility made in the specification. Reconsideration and withdrawal of the rejection are 
respectfully requested. 

In view of the foregoing, it is respectfully submitted that this application is in 
condition for allowance. Favorable reconsideration and prompt allowance of the application 
are eamestly solicited. 

Should the Examiner believe that anything further would be desirable in order to place 
this application in even better condition for allowance, the Examiner is invited to contact the 
undersigned at the telephone number set forth below. 
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Registration No. 30,024 
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Registration No. 57,771 
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Human endogenous retrovirus glycoprotein-mediated 
induction of redox reactants causes oligodendrocyte 
death and demyelination 

Joseph M Antony ^ Guido van Marie ^ Wycliffe Opii^, D Allan Butterfield^, Fran9ois Mallet^, Voon Wee Yong^ 
John L Wallace^, Robert M Deacon^, Kenneth Warren^ & Christopher Power ^ 

Human endogenous retroviruses (HERVs) constitute 8% of the human genome and have been implicated in both health and 
disease. Increased HERV gene activity occurs in immunologically activated glia, although the consequences of HERV expression 
in the nervous system remain uncertain. Here, we report that the HERV-W encoded glycoprotein syncytin Is upregulated in glial 
cells within acute demyelinating lesions of multiple sclerosis patients. Syncytin expression in astrocytes induced the release of 
redox reactants, which were cytotoxic to oligodendrocytes. Syncytin-mediated neuroinf lammation and death of oligodendrocytes, 
with the ensuing neurobehavioral deficits, were prevented by the antioxidant ferulic acid in a mouse model of multiple sclerosis. 
Thus, syncytin's proinflammatory properties in the nervous system demonstrate a novel role for an endogenous retrovirus protein, 
which may be a target for therapeutic Intervention. 



As much as 8% of the human genome is derived from retrovirus-like 
elements, which are presumably remnants of retroviral infections that 
occurred during primate evolution'"^. Many human endogenous 
retroviruses (HERVs) have retained fimctional promoter, enhancer 
and polyadenylation signals, and these regulatory sequences have the 
potential to modify^ the expression of adjacent genes'*'^. Despite the 
fact that most HERVs are unable to replicate because of mutations in 
structural retrovirus genes, specific open reading frames correspon- 
ding to HERV genes encode detectable proteins^. 

An increase in the expression of HERV genes may be important in 
modulating host innate and adaptive immune responses with ensuing 
effects on the development of disease, although definitive proof of 
specific pathogenic effects linked to HERVs is lacking. Several human 
and animal exogenous retrovirus proteins, particularly the envelope 
proteins encoded by env, show a proclivity for causing neuropatho- 
genie effects^. The precise functions of endogenous retrovirus pro- 
teins in the nervous system remain uncertain, despite the abundant 
expression of these proteins in many species including rodents, cats 
and non-human primates"*'^'^. 

Studies have suggested that HERV expression in human brain is 
augmented in conditions of neuroinflammation^. The prototypic 
neuro inflammatory disease multiple sclerosis is characterized by 
infiltration of inflammatory cells, damage to and death of oligoden- 
drocytes and demyelination, which result in physical and cognitive 
disabilities. Indeed, cytokines, arachidonic acid metabolites and redox 
reactants including nitric oxide are key determinants of pathogenicity 



in multiple sclerosis^"' ^ which is also influenced by the genetic sus- 
ceptibility of an individual. The role of both exogenous and endoge- 
nous infectious pathogens in the pathogenesis of multiple sclerosis is 
unknown, but several viruses and bacteria have been implicated 
through specific mechanisms including transactivation of aberrant 
immune responses and molecular mimicry. 

Here we have examined the effects of HERV expression on neural 
cell function and survival, focusing in particular on the HERV-W 
envelope glycoprotein syncytin and its pathogenic effects. 

RESULTS 

HERV-W env'is upregulated in multiple sclerosis lesions 

To investigate the expression of phylogenetically related HERV genes 
(Fig. la) in neuroinflammatory diseases, we examined the abundance 
of different HERV env mRNAs in brains from individuals diagnosed 
with multiple sclerosis or.with other neurological diseases as controls. 
HERV-W env mRNA expression was selectively upregulated in 
brain tissue from individuals with multiple sclerosis as compared 
with controls, whereas other HERV env mRNAs were not (Fig. lb). 
Sequencing of the resulting polymerase chain reaction (PGR) prod- 
ucts confirmed that HERV-W env was overexpressed in the brain 
samples on the basis of comparisons with the HERV-W env sequence 
and other HERV env sequences in GenBan (http://www.ncbi.nlm.nih. 
gov/genbank). Western blotting indicated that syncytin (75 kDa), 
the protein encoded by HERV-W env, was also present in brain 
tissue from individuals with multiple sclerosis but showed limited 
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Figure 1 In vivo expression of HERV env. (a) Phylogenetic tree showing the evolutionary relationship between different endogenous (ERV-FRD, MuLV, ZFERV, 
HERV-W, -E, -H, -K) and exogenous (HIV, HTLV-1) retrovirus env genes in mice, fish, cats, non-human primates and humans including those studied here, 
(b) Real-time RT-PCR analysis, showing a significant (threefold) increase in the mRNA of HERV-W env in individuals with multiple sclerosis (MS) relative to other 
HERVs and to control individuals affected with other neurological diseases, (c) Representative western blot of brain tissue lysates from individuals with MS. 
showing an increase in syncytin immunoreactivity as compared with controls, (d) Quantification of western blots, showing an increase in syncytin immuno- 
reactivity in MS brain as compared with controls, (e-j) Active lesions from MS brain show an increase in syncytin expression, (e.f) Active demyelinating (D) lesion 
from frontal lobe sections of a MS brain, showing myelin debris in macrophages (e) as compared with normal myelin (f). Sections were stained with Luxol fast 
blue and hematoxylin and eosin. (g,h) Serial sections from the same active lesion, showing an increase in syncytin expression in an area of active demyelination 
(g) that is absent in control sections (h). iNOS immunoreactivity (dark blue) is colocalized with syncytin (brown) in glia (g, inset), (i) Double-label 
immunohistochemical assessment of acute lesions in MS brain, showing that syncytin expression (blue) in activated astrocytes colocalizes (arrows) with GFAP 
immunoreactivity (brown). Inset, GFAP-immunoreactive astrocyte. (J) As i, but showing that syncytin expression (brown) in microglia and macrophages colocalizes 
(arrowheads) with lba-1 immunoreactivity (blue). Inset. Iba-l-immunoreactive microglia. Original magnification, x50(e-h); x400 (i,j); xl.OOO (g.i.j, insets). 
Values are the mean±s.e.m. *P<0.05, **P<0.01. 



expression in controls (Fig. Ic). Comparison of syncytin immunore- 
activity in brain showed a roughly 3.0-fold increase in the multiple 
sclerosis group relative to controls (Fig. Id). 

In the multiple sclerosis group, acute lesions containing active 
demyelination with numerous lipid- or myelin-filled macrophages 
and hypertrophied astrocytes (Fig. le) showed syncytin immunore- 
activity (Fig. Ig) in cells resembling activated glia, which also con- 
tained inducible nitric oxide synthase (iNOS) immunoreactivity 
(Fig, Ig, inset). Lipid vacuole-filled syncytin-immunopositive cells 



Table 1 Clinical and neuropathological features of individuals with multiple sclerosis 
showing syncytin immunoreactivity in demyelinating lesions 



Section ID 


1 


2 


3 


Age at death (yr) 


65 


71 


38 


Gender 


F 


F 


M 


MS type^ 


SP 


SP 


RR 


Duration of MS (yr) 


>10 


>10 


8 



Pattern of syncytin immunoreactivity'* 



Lesion type^ 


SA 


C 


C 


SA 


SA 


C 


C 


C 


SA 


SA 


SA 


A 


A 


A 


C 


c 


C 


Lesion edge 


3* 


1+ 


0 


2* 


1* 


2+ 


1* 


0 


3+ 


4+ 


3+ 


4+ 


4* 


4+ 


3+ 


2* 


3* 


Lesion core 


4* 


2+ 


1+ 


4* 


3* 


3+ 


2+ 


1+ 


2+ 


2+ 


2* 


4+ 


4+ 


0 


1* 


1+ 


0 


Periplaque white matter 


1* 


0 


0 


1* 


1* 


1* 


1* 


0 


0 


1+ 


2* 


0 


1* 


0 


0 


I* 


0 


Normal-appearing 


1* 


0 


0 


1+ 


I* 


1+ 


1+ 


0 


0 


0 


0 


0 


0 


1+ 


0 


0 


0 


white matter 





































^Clinical course: SP, secondary progressive; RR, relapsing remitting. ''Scoring pattern: 0, no cells; 1*, 1-10 cells per 
high-power field (hpf. x200); 2\ 10-50 cells/bpf ; 3*. 50-100 cells/hpf; 4+, 100-500 cells/hpf, ^Lesion type: SA. 
subacute; A, acute: chronic. 



resembling phagocytic macrophages were evident at the margins and 
the cores (Supplementary Fig. 1 online) of both acute and chronic 
demyelinating lesions (Table 1). Syncytin-positive cells were not 
detected in control brain sections (Fig. Ih), however, which showed 
normal myelination (Fig. If)- 

Because astrocytes^- and microglia^ ^ are important modulators of 
neuroinflammation, we determined whether syncytin expression was 
selectively upregulated in these immunologicaUy active cells. Double- 
label immunohistochemical assessment detected enhanced expression 
of syncytin in the astrocytes (Fig. li) and 
microglia (Fig. Ij) of brain sections (frontal 
white matter) from individuals with multiple 
sclerosis, but not in other neural cells includ- 
ing neurons and myelin-forming oligoden- 
drocytes (data not shown). 

To examine the relative expression of dif- 
ferent HERV env niRNAs in specific types 
of cell that have been implicated in neuroin- 
flammation, we studied human cell lines with 
and without cellular activation. In monocy- 
toid (U937) cells treated with phorbol-12- 
myristate-13-acetate (PMA), peak mean 
HERV expression was detected at 4 h, along 
with a signiBcant increase in HERV-W env 
mRNA as compared with other HERV 
mRNAs (Supplementary Fig. 2 online). In 
PMA-treated astrocytic (U373) cells, the most 
highly expressed HERV was HERV-H env 
mRNA at 24 h, but there was also a significant 



NATURE NEUROSCIENCE VOLUME 7 | NUMBER 10 | OCTOBER 2004 



1089 



V 



ARTICLES 



Figure 2 Syncytin induces proinflammatory molecules in glial cells. 
(a,b) Analysis of BHK cells transfected with SINrepS-syncytin. Syncytin 
immunoreactivity by western blotting (a) and syncytia formation (b) were 
detected in cells transfected with SINrep5-syncytin, but not in mock- 
infected cells or cells transfected with SINrep5-EGFP. (c-f) Confocal 
microscopy of uninfected HFAs immunostained for GFAP (c) and 
syncytin (d), and astrocytes infected with SINrepS-syncytin (MOI 1.0) 
immunostained for GFAP (e) and syncytin (f). (g) HFAs infected with 
SINrepS-syncytin showed a significant increase in IL-lp and iNOS mRNA 
expression and an increase in protein carbonyl levels relative to cells 
infected with SINrep5-EGFP and mock-infected cells, but showed similar 
expression of IHO mRNA. (h) Expression of IL-lj3 mRNA was increased 
in MDMs relative to controls after SINrepS-syncytin infection, whereas that 
of IL-10 and iNOS mRNA and levels of protein carbonyls did not differ. 
Original magnification, xl,000 (b); x600 (c-f); **P< 0.01, ***p< 0.001. 



increase in HERV-W env. By contrast, PMA stimulation did not induce 
HERV e/ IV expression in peripheral blood lymphocytes (PBLs), although 
expression of interleukin- 1 p (IL-ip) was significantly increased 
(Supplementary Fig. 2 online), similar to our findings in monocytoid 
and astrocytic cells (data not shown). In fact, we observed suppression of 
HERV env mRNA when PBLs were stimulated with PMA. 

Taken together, these studies indicate that in individuals affected 
with multiple sclerosis, syncytin is upregulated in active demyeli- 
nating lesions and shows selective expression in cells that mediate 
neuroinflamniation. 

Syncytin activates proinflammatory molecules in glia 

Because syncytin was abundantly expressed in vivo in brain tissue 
from individuals with multiple sclerosis (Fig. lb— d,g,i,j), we con- 
structed a SINrep5-based vector that efficiently expressed the HERV- 
W env open reading frame encoding syncytin (Fig. 2a) and that also 
mediated syncytia formation in baby hamster kidney (BHK) cells 
(Fig. 2b). The SINrepS-syncytin virus infected human fetal astro- 
cytes (HFAs; Fig. 2f) which expressed glial fibrillary acidic protein 
(GFAP; Fig. 2c-e) and macrophages, but not oligodendrocytes (data 
not shown). We examined the syncytin-mediated induction of genes 
related to neuroinflamniation 24 h after infection, which showed 
that the proinflammatory cytokine IL-1 p was significantly increased 
in both HFAs (Fig. 2g) and monocyte- derived macrophages (MDMs; 
Fig. 2h) infected with SINrepS-syncytin, as compared with control 
cells including cells infected with SlNrepS expressing enhanced 
green fluorescent protein (EGFP) and mock-infected cells. In addi- 
tion, the mean expression of iNOS was enhanced in HFAs (Fig. 2g), 
but not in MDMs (Fig. 2h), after infection with SINrepS-syncytin. 
The an ti- inflammatory cytokine lL-10, however, was not induced in 
either cell type, suggesting that syncytin expression selectively 
induces proinflammatory responses. 

As compared with controls, a marked increase in mean protein car- 
bonyl levels was also observed in the conditioned medium from HFAs 
infected with SINrepS-syncytin (Fig. 2g), but not in that derived from 
MDMs (Fig. 2h). Conversely, there was no significant difference in the 
mean quantities of malondialdehyde (a product of lipid peroxida- 
tion)^^ in conditioned medium fi-om SINrepS-syncytin infected 
HFAs or MDMs as compared with controls (Supplementary Fig. 3 
online). These observations indicated that syncytin induces a proin- 
flammatory molecular profile in astrocytes that includes an increase 
in the oxidation of cellular proteins. 

Syncytin causes oligodendrocyte damage and death 

Because oligodendrocytes are the principal cell type that is susceptible 
to injury associated with neuroinflanimation and demyelination. 
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we examined their morphology and survival after treatment 
with conditioned medium from HFAs and MDMs infected with 
SINrepS-syncytin. Conditioned medium from HFAs infected with 
SINrepS-syncytin was highly cytotoxic to human oligodendrocytes as 
compared with that derived from control HFAs that were either 
infected with SINrepS-EGFP or mock infected (Fig. 3a). Notably, con- 
ditioned medium from HFAs infected with SINrepS-syncytin also 
induced a higher mean amount of oligodendrocyte death than did that 
from MDMs infected with SINrepS-syncytin (Fig. 3b). In addition, 
human oligodendrocytes treated with medium from HFAs infected 
with SINrepS-syncytin also showed a significant retraction of ceUular 
processes as compared with controls (P < 0.001; Fig. 3c). 

We confirmed these results in rat oligodendrocytes using the same 
cytotoxicity protocol, which showed that conditioned medium from 
HFAs infected with SINrepS-syncytin similarly caused a significantly 
higher mean amount of cell death than did that from MDMs infected 
with SINrepS-syncytin (Fig. 3d). In addition to cell loss, rat oligoden- 
drocytes treated with conditioned medium fi-om HFAs infected with 
SINrepS-syncytin showed marked process retraction as compared 
with controls (Supplementary Fig. 4 online). 

As a control, the envelope protein fi'om another neurotropic retro- 
virus HIV-]RFL, obtained from an individual with HIV-associated 
dementia, was expressed in HFAs using the same vector (SINrepS), and 
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Figure 3 Syncytin causes oligodendrocyte 
damage and death, (a) Human oligodendrocytes 
(hOLs) treated with conditioned medium (CM) 
from HFAs infected with SINrepS-syncytin 
showed retracted cellular processes (arrowhead) 
with cell loss, whereas SINrep5-EGFP-infected 
and mock-infected controls showed abundant cell 
numbers and intact processes (arrowhead), 
(b) hOLs treated for 24 h with CM from HFAs 
infected with SlNrepS-syncytln showed 
significantly higher cytotoxicity than did controls. 
CM from MDMs infected with SINrepS-syncytin 
was not toxic to hOLs. (c) hOLs treated for 24 h . 
with CM from HFAs infected with SINrepS- 
syncytin showed significantly more cells with 
retracted processes than did controls, (d) CM 
from HFAs infected with SINrepS-syncytin, but 
not with a SINrepS-expressed HIV envelope 
protein, induced significant cytotoxicity in rat 
OLs. (e) Syncytin (S)-induced OL cytotoxicity and 
protein carbonyl abundance in the CM of HFAs 
were reduced when HFAs were treated with the 
antioxidants ferulic acid (FA; 50 ^M), NCX-2216 
(6 }iM). L-N IL (0.5 uM) and L-NAME (5.0 ^iM). 
Original magnification, x400. *P< 0.05; 
***P< 0.001. 



(AMPA) receptor antagonist, interferon- 
P(TFN-p) and glatiramer acetate did not 
reduce syncytin- related oligodendrocyte 
death (Supplementary Fig, 7 online). Thus, 
sync)tin-induced oligodendrocyte cytotoxic- 
ity is probably mediated by the pathogenic 
effects of redox reactants in this in vitro system. 



was found not to cause oligodendrocyte cytotoxicity (Fig. 3d). 
Conditioned medium from HFAs and MDMs infected with SINrepS- 
syncytin was not cytotoxic to human neurons under similar conditions, 
whereas the envelope protein from HIV-JRFL was highly cytotoxic to 
neurons (Supplementary Fig, 5 online). Thus, soluble factors released 
from astrocytes that are selectively induced by syncytin cause cellular 
injury and death in oligodendrocytes. 

Antioxidants prevent syncytln-induced oligodendrocyte injury 

Because protein carbonyl formation is mediated by redox reactants 
such as nitric oxide and its metabolite peroxynitrite'"*, we consid- 
ered that compounds that scavenge redox reactants might reduce 
oligodendrocyte death. HFAs infected with SINrepS-syncytin were 
treated with a polyphenolic antioxidant, ferulic acid'^; a non- 
steroidal anti-inflammatory-based antioxidant, NCX-2216; and two 
iNOS inhibitors, N^-(l-iminoethyl)-lysine, hydrochloride (L-NIL; 
0.5 ^iM) and N^-nitro-i--arginine methyl ester (L-NAME; 5.0 nM). 
Oligodendrocytes treated with the conditioned medium from these 
astrocytes showed a marked reduction in both mean oligodendro- 
cyte cytotoxicity and protein carbonyl levels, as compared with 
oligodendrocytes not treated with either drug (Fig. 3e). 

Indeed, protection of oUgodendrocytes by ferulic acid and NCX-2216 
against syncytin-mediated toxicity was found to be dependent on dose 
(Supplementary Fig. 6 online). Treatment with ferulic acid did not affect 
infection or expression by SINrepS-syncytin (data not shown). 
Conversely, treatment with other established neuroprotectants 
including MK801, an N-m ethyl -D-aspartate (NMDA) receptor antago- 
nist, NBQX, an a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate 



Ferulic acid inhibits syncytin-induced neurological deficits 

As syncytin caused a significant increase in oligodendrocyte cytotox- 
icity, we examined the in vivo effects of syncytin after stereotaxic 
implantation of the SINrepS-syncytin virus into the corpus callosum 
of CD-I mice. This brain region was selected because it is abundant 
in myelin, oligodendrocytes and astrocytes and is specifically injured 
in demyelinating diseases such as multiple sclerosis, resulting in 
motor and cognitive abnormalities (Fig. 4). 

After the implantation of SINrepS-syncytin, syncytin was detected 
near the implantation site (Fig. 4c), and syncytin-expressing astro- 
cytes were visible in the corpus callosum (Fig. 4c, inset). Serial tissue 
sections showed increased numbers of hypertrophied astrocytes 
(Fig. 4f,m) and microglia (Supplementary Fig. 8 online) in the cor- 
pus callosum of mice implanted with SINrepS-syncytin as compared 
with mice implanted with SINrepS-EGFP (Fig. 4e) or control condi- 
tioned medium (Fig. 4d). In addition, myelin in the corpus callosum 
of mice implanted with SINrepS-syncytin showed a vacuolar 
appearance after immunostaining for myelin basic protein (MBP; 
Fig. 4i) as compared with controls (Fig. 4g,h). There were substan- 
tially fewer immun ©reactive oligodendrocytes (GSTYp positive) in 
mice that received the syncytin-expressing virus (Fig. 41) than in 
controls (Fig. 4j,k). 

To verify the latter observation, we carried out stereological cell 
counts of immunoreactive oligodendrocytes, which showed a signifi- 
cant reduction in mean cell numbers in mice implanted with SINrepS- 
syncytin as compared with controls (Table 2). By contrast, astrocyte 
counts in the same mice indicated that there was a significant increase 
in activated astrocytes. The decrease in oligodendrocyte numbers and 
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Figupe 4 Syncytin induces neuroinflammation and neurobehavioral 
abnormalities in mice, (a-c) Syncytin immunoreactivity was detected in the 
corpus callosum for up to 14 d in mice implanted with SINrepS-syncytin (c) 
but not in mocl<-implanted (a) or SINrep5-EGFP-implanted (b) mice, (d-f) 
Astrogliosis indicated by intense GFAP immunoreactivity was observed in the 
corpus callosum of mice implanted with SINrepS-syncytin (f), whereas 
normal astrocytes were observed in controls (d,e). (&-i) White matter of mice 
implanted with SINrepS-syncytin showed a vacuolar appearance (i), whereas 
healthy myelin was seen in controls (g.h). GSTYp-immunopositive 
oligodendrocytes were decreased in the white matter of mice implanted with 
SINrepS-syncytin (I) as compared with controls (j,k). (m-o) Ferulic acid (FA) 
abrogates syncytin-induced neurobehavioral changes in mice. Mice implanted 
with SINrepS-syncytin showed a significantly reduced ability to grasp a 
horizontal rod (m), a significantly diminished ability to grasp and to escape 
from an Inverted screen (n) and delays in the time taken to cross a 
cantilevered beam, as compared with SINrepS-EGFP-implanted and mock- 
implanted controls (n= 6 mice per group in each test). Treatment of mice 
implanted with SINrepS-syncytin with FA (20 mg/kg administered daily by 
oral gavage) increased ability to grasp the bar (m), improved ability to grasp 
and to escape from the inverted screen (n) and reduced the time taken to 
cross the cantilevered beam (o). Original magnification, x400 (a-c); xl.OOO 
(c, inset); x200 (d-f); x200 (g-i); x600 (H). Values are the mean ± s.e.m.; 
*P< 0.05. **P< O.OOS, ***P< 0.0001. 



increase in hypertrophied astrocytes caused by syncytin expression 
were reversed by daily treatment with ferulic acid (Table 2). 

We confirmed the above neuropathological findings by neurobe- 
havioral testing of mice receiving SINrep5-EGFP, mock-implanted 
control conditioned medium and SINrepS-syncytin with and with- 
out concurrent ferulic acid treatments. At days 3 and 7, there were 
no differences in performance among the different groups 
(Supplementary Fig. 9 online). At days 10 and 14 after implanta- 
tion, however, mice implanted with SINrepS-syncytin grasped the 
horizontal rod for significantly less time than did the control mice 
(P < 0.05; Fig. 4m). In addition, although mice implanted with 
SINrepS-syncytin retained some ability to hold on to the screen, 
they were slower to reach the screen edge (Fig. 4n), whereas mice 
implanted with SINrepS-EGFP or control conditioned medium 
were more curious and reached the edges of the inverted screen 
more quickly (P < 0.000 1 ). 

Mice implanted with SINrepS-syncytin showed mean delays in 
the time taken to cross a cantilevered beam as compared with mice 
implanted with SINrepS-EGFP or control conditioned medium 
(P < 0.005; Fig. 4o), suggesting that the SINrepS-syncytin implanted 
mice showed diminished motor activity and exploratory behavior. 
When mice implanted with SINrepS-syncytin were treated with fer- 
ulic acid for 14 d, the neurobehavioral outcomes in the horizontal bar 
test (Fig. 4m), modified screen test (Fig. 4n) and beam test (Fig. 4o) 
were significantly improved. Striatal implantation of SINrepS-syn- 
cytin in mice did not result in neuronal damage, as assessed by neu- 
robehavioral studies*^ (Supplementary Fig. 5 online). 



Table 2 Cell counts of immunoreactive astrocytes and oligodendrocytes in corpus 
callosum^ 



Mock 



SINrepS-EGFP SINrepS-syncytin 






m 

60 

Sso 

1 40 

2 30 
O 20 

10 



n 

0 Day 10 □ Day 10 

■ Day 14 ^°"iDay14 



35 



25 



15 



Jl. 



Q Day 10 
I Day 14 



rifkfifi 



Horizontal biar test 



Modified screen test 



Beam test 



In accordance with our in vitro observations, these in vivo studies 
indicate that syncytin induces neuroinflammation, oligoden- 
drocyte and myelin damage, and neurobehavioral abnormalities that 
are abrogated by the antioxidant ferulic acid. 





Mock 


SINrepS- 


SINrepS-syncytin 


SINrepS- 






EGFP 




syncytin plus 










ferulic acid 


Oligodendrocytes 


6S3.97 (0.05) 


760.S3 (0.05) 


356.32 (0.07)* 


731.99 (0.04) 


Astrocytes 


130.50 (0.12) 


198.98 (0.14) 


402.49 (0.09)t 


177.08 (0.17) 



^GST-y{>-immunoposltive (oligodendrocytes) and GFAP-lmmunoposftive (astrocytes) cells were counted by stereological 
methods in the corpus callosum of mice implanted with SINrepS-syncytin. SINrepS-EGFP or control conditioned 
medium (mock). One group of SINrepS-syncytin-implanted mice was treated daily with ferulic acid. Mean results are 
shown, with the coefficient of error in parentheses. tP< 0.0001. 



DISCUSSION 

We have shown that expression of both the mRNA and protein (syn- 
cytin) encoded by the HERV-W env gene is increased in the brains of 
individuals with multiple sclerosis and in specific cell types involved 
in neuroinflammation in demyelinating and demyelinated lesions. In 
addition, we have shown that in vitro syncytin mediates the produc- 
tion of proinflammatory molecules such as iNOS, TL-ip and redox 
reactants that at high levels are damaging to the brain^'''**^^. An 
explicit function for syncytin is unknown in 
the brain in contrast to the placenta, where it 
seems to be important for placental develop- 
ment^*"^*. However, our findings, including 
increased levels of iNOS and redox reactants, 
are consistent with the neuroinflammatory 
profile of astrocytes associated with multiple 
sclerosis^^"'^'*. In addition to the proinflam- 
matory effects of syncytin in glial cells, solu- 
ble factors derived from syncytin-expressing 
astrocytes are toxic to oligodendrocytes but 
not to neurons, implying that syncytin uses a 
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sele€t niechanism for killing and/or targeting individual cell types — a 
possibility that is congruent with studies showing that astrocytes may 
influence oligodendrocyte survival^^^^. 

We did not detect syncytin in supernatants from astrocytes infected 
with SIN reps -syncytin, precluding the possibility that a direct interac- 
tion between syncytin and target cells leads to cytotoxicity. Nonetheless, 
syncytin expression in astrocytes resulted in cellular stress, manifested 
by the induction of IL-lp, iNOS and redox reactants. Notably, syncytin 
expression was evident in glia at both the margin and the core of acute 
demyelination (Fig. If), emphasizing its role in cellular stress. Of inter- 
est, polymorphisms in retrovirus-encoded envelope proteins from 
HIV^s and murine leukemia virus^^ that alter intracellular envelope 
expression in glial ceUs have been associated with pathogenic effects in 
the nervous system. These effects may occur through misfolding of the 
envelope protein or protein accumulation in the endoplasmic reticu- 
lum, resulting in a stress response by the cell and the subsequent release 
of neurotoxic molecules including redox reactants^^. 

Given that iNOS was induced in astrocytes, probable redox stress 
products include nitric oxide, reactive nitrogen-oxygen species, 
peroxynitrite and superoxide anions, which are capable of damag- 
ing target tissues, particularly the brain^"**^^, and are also toxic to 
oligodendrocytes^ ^ By contrast, we did not observe an increase in 
the in vitro generation of lipid peroxidation products, in agreement 
with studies on the pathogenesis of multiple sclerosis^^. Although 
the precise pathway by which oxidation of a protein released by 
astrocytes mediates oligodendrocyte toxicity remains to be deter- 
mined, a potential mechanism might involve oxidation of a 
released matrix metalloproteinase^^. 

We have also shown that by inducing proinflammatory molecules 
and redox reactants, ultimately resulting in oligodendrocyte death, 
syncytin modulates neurobehavioral changes in a mouse model that 
shows pathology similar to other animal models of multiple sclerosis. 
The present neurobehavioral changes are also reminiscent of those 
seen in individuals with multiple sclerosis including weakness, gait 
unsteadiness and altered executive functions^"*'^^. In addition, our 
studies have shown that ferulic acid, the plant-derived phenolcar- 
boxylic acid that acts as an antioxidant ameliorates oligodendro- 
cyte death in vitro and in vivo and significantly improves 
neurobehavioral outcomes. 

In summary, our study indicates that syncytin maybe involved in 
the pathogenesis of active demyelination, principally by evoking 
redox reactant-mediated cellular damage in the brain. Alternatively, 
given its persistent expression in lesion cores, the syncytin- mediated 
glial stress reaction might antagonize remyelination. In this regard, 
ferulic acid and equivalent compounds might be considered in trials 
designed to evaluate their efficacy for reducing demyelination or 
enhancing remyelination, similar to the protective effects of ferulic 
acid in neurons'^. In addition, because HERVs represent a substantial 
proportion of the human genome and often express proteins, the 
potential pathogenic (or reparative) effects of other HERV proteins 
expressed in the nervous system warrant further investigation. 

METHODS 

Cell cultures. Human and rat oligodendrocytes^^, HFAs^^, human LAN- 2 neu- 
ronal celis^^ human MDMs^ and PBLs^^ U373 astrocytoma^^ and U937 
monocytoid cells^ (Ainerican Type Culture Collection) were cultured as 
described. To assess the effect of astrocyte and monocyte stimulation on 
HERV expression, we treated U373, PBL and U937 cells with 50 ng/ml of PMA 
(Sigma) for 4-72 h, collected them and isolated RNA as described^. 

Real-time PGR with reverse transcription (RT-PCR). Total RNA and cDNA 
were prepared from brain tissue or cells as described^^. Primers for GAPDH, 



IL-lp and iNOS have been described'**'. We also used primers for IL-10 (5'- 
CCTCTCACCGTCTTGCrTTC-3' and 5'-GCAGAGTTGCTTGTTCTCC-3'), 
HERV-W env (5'-TGCCCCATCGTATAGAGTCT-3' and 5' CATGTACCC 
GGGTGAGTTGG-3'), HERV-H env (5'-TTACCCCATCATCAGTCCCCAT- 
TAC-3' and 5'-GAGCTCTTCGGTCCCATTTG-3'), HERV-E env (5'-TCGC- 
CAAAGCCAGAGTT-3' and 5'-AAGGGGGAAATGAGGA-3') and HERV-K 
(II) eMv(5'-TTTATGGGGCCGAGACTTGTTA-3' and 5'-AGCGGCTACTGAT 
TTACCATAC-3')- Semiquantitative real-time RT-PCR analysis was done by 
monitoring in real-time the increase of fluorescence of SYBR-green dye on a 
Bio-Rad i-Cycler. Data were normalized to the GAPDH mRNA level and are 
expressed as the relative fold change (RFC) in mRNA as described'*^. 

Human brain tissue samples. Brain tissue (frontal white matter) was collected 
with informed consent at autopsy, as described*. Control subjects included 18 
individuals (mean age 56 ± 16.4 yr), who were diagnosed with Alzheimer's dis- 
ease (n = 6), HIV infection (encephalitis, n = 4; gliosis, « = 4), cerebral arte- 
riosclerosis (« = 2), anoxic encephalopathy (« = 1) or normal brain pathology 
(n = 1). The multiple sclerosis group included 16 individuals (age 63.3 ± 
13.4 yr) who had been classified with primary progressive (w = 4), secondary 
progressive (« = 10) or relapsing-remitting {n = 2) multiple sclerosis and had 
an estimated disability status scale score of 7-10 before death. Frozen brain tis- 
sue from individuals with multiple sclerosis was obtained from the Multiple 
Sclerosis Patient Care and Research Clinic, Edmonton, Alberta, Canada. Brain 
tissue secdons from chronic demyelinated plaques from individuals with mul- 
tiple sclerosis were used for histochemical and immunohistochemical studies. 

Immunohistochemistry and histochemistry. Paraffin -embedded sections were 
immunostained with antibodies to Iba-1 (I.O Hg/ml; ref 40) for macrophage 
and microglia detection, GFAP (diluted 1:2,000; DAKO) for astrocyte detec- 
tion, iNOS (1:500; Santa Cruz Biotech), GSTYp (1:600; Biotrin) and adeno- 
matosis polyposis coli (APC, 1:500; Ab-7, Oncogene Research Products) for 
oligodendrocyte detection, and syncytin (1:1,000; 6A2B2)'^ as reported*^. To 
double label both microglia and astrocytes with cell- type- specific markers and 
syncytin, sections were probed with antibodies to Iba-1 and GFAP respectively, 
followed by incubation with biotinylated goat anti— rabbit IgG (H+L) (1:500; 
Vector Laboratories) and subsequently with Elite ABC reagent (Vector 
Laboratories) or peroxidase-conjugated Affinipure goat anti-rabbit IgG (H+L) 
(1:500; Jackson ImmunoResearch), and then developed by diaminobenzidine 
(DAB) treatment for peroxidase or bromochloroindolyl phosphate (BCIP) and 
nitro blue tetrazolium (NBT) for alkaline phosphatase activity. 

Immunofluorescence and confocal laser scanning microscopy. Paraffin- 
embedded sections from mice were immunostained with mouse anti-MBP 
(diluted 1: 1,000; Sternberger Monoclonals), rabbit anti-mouse GSTYp ( 1:600; 
Biotrin) and anti-APC (1:500; Ab-7, Oncogene Research Products). Slides 
were examined on an Olympus FV300 confocal laser-scanning microscope. 
Cultured oligodendrocytes derived from adult human and rat brains were 
stained with a monoclonal antibody (Ol) that recognizes galactocerebroside 
(Gal-C), a marker for mature oligodendrocytes'* ^ The total number of cells 
and the number with processes at 24 h were counted per well (10 fields at 
X400 magnification) after treatment with conditioned medium from HFAs or 
MDMs infected with SINrepS-syncytin or SlNrepS-EGFP. APC-positive oligo- 
dendrocytes and GFAP-positive astrocytes in the vicinity of the implantation 
site were counted (five fields at X400; expressed as total number of GSTYp- 
positive cells in an area of 2,376 pm^). 

We used three serial sections (5 pm) from six mice per treatment group 
to quantify numbers of GFAP-positive astrocytes and GSTYp-positive 
oligodendrocytes by a stereological method'*^. In brief, a systematic random 
sample of three sections that spanned the corpus callosum was selected for 
analysis. Sections were selected at equal intervals in the series comprising a 
known fraction of the section series (ssf). The labeled astrocytes and oligo- 
dendrocytes were counted {TQ) under a known fraction of the section area 
(asf). The height of the optical dissectors (h) positioned in the central part 
of the section thickness (f) was used to determine the ratio h/t (tsf). The 
total number (N) of astrocytes or oligodendrocytes were estimated as 
N= ZQ X 1/ssf X 1/asf xl/tsf. The coefficient of error was determined by the 
formula CE (£Q) - s.e.m./mean. 



NATURE NEUROSCIENCE VOLUME 7 | NUMBER 10 | OCTOBER 2004 



1093 



ARTICLES 



Western blot analysis. Protein extracts were prepared from various brain tis- 
sue and cell samples with lysis buffer and concentrations were determined by 
BCA assay (Pierce). We separated proteins by 10% SDS-PAGE» transferred 
them to nitrocellulose membranes and probed them with antibodies to syn- 
cytin and P-actin as reported^. The 75-kDa band was analyzed by densitome- 
try, and the mean results are expressed as the RFC in the density of the band in 
the multiple sclerosis group as compared with controls. 

Construction of SINrepS virus. The Sindbis virus-based (SIN) vector sys- 
tem used in this study has been described^®. In brief, the l.832-kbp env open 
reading frame from phCMVenvpH74 (ref. 19) was cloned into pSINrepS to 
obtain pSINrepS-syncytin. Virus stocks were prepared as described-^^. On 
average, 10^ to 10'' infectious virus particles per ml were obtained for 
SINrepS-syncytin and SINrep5-EGFP, respectively. All infections were done 
with the same number of virus particles (multiplicity of infection (MOT) 
1.0). HFAs and MDMs (5 x 10^ per well) were seeded in 16-well chamber 
slides and infected with SINrepS-syncytin or STNrep5-EGFP (MOI l.O each) 
or mock-infected with conditioned medium. 

Cell survival assay. To determine whether oligodendrocyte cytotoxicity can be 
inhibited, HFAs were treated with NBQX (30 \JiM\ Sigma), MK-801 (30 |iM; 
Sigma), glatiramer acetate (25 (Xg/ml; Teva),TFN-p (100 U/ml; Serono), ferulic 
acid (0.005, 0.5, 5, 50 or 250 ^M; Sigma), NCX-2216 (60 nM, 600 nM and 
6 ^lM; a gift of NicOx S.A.), L-NIL (0.5 ^M. Sigma) and L-NAME (5.0 |iM, 
Sigma j followed by infection with SINrep5-syncytin overnight at 37 °C. Adult 
rat brain-derived oligodendrocytes were treated subsequently with either con- 
ditioned medium (diluted 1:1 with AIM-V medium) from drug-treated or 
SINrepS-syncytin-infected HFA for 24 h. Conditioned media for toxicity 
assays were obtained from HFA and MDM infected with SINrepS-syncytin or 
SINrepS-EGFP. We prepared LAN-2 neurons as described**. All experiments 
were repeated at least three times. To measure cellular injury, oligodendrocytes 
were immunostained with antibody to Gal-C and cells with and without 
processes were counted. To quantify cell death, the trypan-blue exclusion 
method was used as described^*. 

Protein carbonyl and 4-hydroxynonenol (HNE) assays. Protein oxidation was 
determined*'* by an oxidized protein detection kit (Oxyblot, ONCOR). 
Samples were incubated for 20 min with 12% SDS and 2,4-dinitrophenyIhy- 
drazine (DNPH) in 10% trifluoroacetic acid with vortexing every 5 min, and 
then neutralized with Oxyblot Neutralization solution. We blotted 600 ng of 
protein onto nitrocellulose paper by the slot blotting technique. Membranes 
were incubated with blocking buffer for 30 min at 24 *'C, incubated with rabbit 
antibodies to DNPH (diluted 1:150) for 90 min, and then by anti-rabbit IgG 
coupled to alkaline phosphatase (1:1 5,000) for 2 h at 24 *C. After being washed 
and developed with SigmaFast chromogen (Sigma), blots were analyzed by 
computer-assisted imaging software (Scion Imaging). Samples for HNE detec- 
tion were similarly analyzed by the slot blotting technique except that a rabbit 
antibody to HNE (1:4,000; Calbiochem) was used as a primary antibody as 
described^''. Results are expressed as the RFC as compared with values 
obtained in AIM-V medium. 

In vivo implantation of viruses and drug treatment. STNrep5-EGFP or 
SINrepS-syncytin virus (0.5 x 10^ particles/mi in 3 |il) was stereotactically 
implanted bilaterally into the corpus callosum of CD-I mice aged 10 weeks (n 
= 6 for each treatment). Control mice (« = 6) were implanted with condi- 
tioned medium from mock-infected cultures (1-mm anterior, 2.0-mm lateral 
and l.5-mm deep relative to bregma). In addition, the right striatum of CD-I 
mice aged 10 weeks (« = 4 for each treatment) were stereotactically implanted 
with SINrepS-EGFP and SINrepS-syncytin (0.5 x 10* parlides/ml) as 
described^^. Similarly, for treatment with ferulic acid, mice (« = 6) were 
implanted with SINrepS-syncytin and subjected by daily oral gavage with fer- 
ulic acid (20 mg per kg (body weight) on a daily basis) for 14 d. Mice were 
killed on day 14 and intracardially perfused with saline, followed by 4% 
paraformaldehyde (PFA). All mouse experiments were done in accordance 
with Canadian Council on Animal Care guidelines. 

Neurobehavioral studies. Behavioral tests were conducted in mice that had 
been implanted with the SINrepS-syncytin or SINrepS-EGFP virus or con- 



trol conditioned medium (mock-implanted) on days 3, 7, 10 and 14 after 
implantation. The horizontal bar test involved a test of coordination and 
forelimb strength using a horizontal bar (0.2 cm thick, 38 cm long) held 
49 cm above a bench^^. The static rod test involved a test of coordination 
using five rods (60 cm long) of varying thickness (diameters: 35 mm, rod 1; 
28 mm, rod 2; 22 mm, rod 3; 15 mm, rod 4; 9 ram, rod 5), These rods were 
bolted to the edge of a bench so that the rods protruded their full 60-cm 
length horizontally into space. We placed a mouse at the exposed end of the 
widest rod and measured the time that it took to orient 180° from the start- 
ing position and to travel to the other end^^. Muscle strength and seeking 
behavior were determined by using an inverted screen test. The invertable 
screen was a 43-cm square wire mesh consisting of l2-mm squares of 1-mm 
diameter wire surrounded by a 4-cm deep wooden beading**^. We modified 
the inverted screen test by placing the mouse at a point that was equidistant 
from the edges of the screen. We started the stop-clock once the screen was 
inverted and noted the time that the mouse took to reach the edge of the 
inverted screen as a measure of curiosity and seeking behavior. The rotary 
behavior of the mice with implants in the striatum was analyzed at 3, 7, 10 
and 14 d after implantation, as described^^. 

Statistical analysis. Because multiple treatments were used in all experiments, 
a one-way analysis of variance (ANOVA) with Tukey-Kramer multiple com- 
parisons test was used for analysis. Data were analyzed using Graph Pad InStat 
version 3.01 for Windows 95 (GraphPad Software). 

Note: Supplementary information is available on the Nature Neuroscience website. 
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The Human Endogenous Retrovirus Envelope Glycoprotein, 
Syncytin-1, Regulates Neuroinflammation and Its Receptor 
Expression in Multiple Sclerosis: A Role for Endoplasmic 
Reticulum Chaperones in Astrocytes^ 

Joseph M. Antony,* Kristofor K. Ellestad,^ Robert Hammond/ Kazunori Imaizumi,"^ 
Francois Mallet,^ Kenneth G. Warren,^ and Christopher Power^*^ 

Retroviral envelopes are pathogenic glycoproteins which cause neuroinftanunation, neurodegeneration, and endoplasmic reticulum 
stress responses. The human endogenous retrovirus (HERV-W) envelope protein, Syncytin-1, is highly expressed in CNS glia of indi- 
viduals with multiple sclerosis (MS). In this study, we investigated the mechanisms by which Syncytin-l mediated neuroimmune 
activation and oligodendrocytes damage. In brain tissue from individuals with MS, ASCTl, a receptor for Syncytin-1 and a neutral 
amino acid transporter, was selectively suppressed in astrocytes (p < 0.05). Syncytin-1 induced the expression of the endoplasmic 
reticulum stress sensor, old astrocyte specifically induced substance (OASIS), in cultured astrocytes, similar to findings in MS brains. 
Overexpression of OASIS in astrocytes increased inducible NO synthase expression but concurrently down-regulated ASCTl (p < 0.01). 
Treatment of astrocytes with a NO donor enhanced ex'pression of early growth response 1, with an ensuing reduction in ASCTl 
expressi(m (p < 0.05). Small-interfering RNA molecules targeting Syncytin-1 selectively down-regulated its expression, preventing the 
supprej^sion of ASCTl and the release of oligodendrocyte cytotoxins by astrocytes. A Syncytin-l-transgenic mouse ex^jressing Syncytin-1 
under the glial fibrillary addle protein promoter demonstrated neuroinflammation, ASCTl suppression, and diminished levels of myelin 
proteins in the corpus callosum, consistent with observations in CNS tissues from MS patients together with neurobehavioral abnor- 
malities compared with wild-type littermates (p < 0.05). Thus, Syncytin-l initiated an OASIS-mediated suppressi(m of ASCTl in 
astrocytes through die induction of inducible NO synthase with ensuing oligodendrocyte injury. Tliese studies provide new insights into die role 
of HERY-mediated neuroinflammation and its contribution to an autoimmune disease. The Journal of Immwtohgy, 2007, 179: 1210-1224. 



Multiple sclerosis (MS)-^ is a demyelinating disease of 
the CNS defined by inflammatory destruction of my- 
elin and ensuing axonal damage (1). Although MS 
is widely assumed to be an adaptive T cell-mediated autoim- 
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mune disease, increasing evidence points to the pathogenic in- 
volvement of resident CNS cells including microglia/macro- 
phages and astrocytes in MS pathogenesis, which participate in 
innate immune processes (2). Inflammatory responses mediated 
by glia-derived cytokines and chemokines in neurodegenerative 
diseases regulate levels of several amino acid transporters, 
which impact on the progression of disease (3). Interestingly, 
several transporters also function as receptors for difl'erem neu- 
rotropic retroviruses (4). The human endogenous retrovirus 
(HERV-W) envelope glycoprotein, Syncytin-K binds to two re- 
ceptors including the sodium-dependent transporters of polar 
neutral amino acids, alanine, serine, cysteine, and threonine 
(ASCTl and ASCT2) (4), which are localized on both neurons 
and glia (5) and are known to modulate both neurotrophic (6) 
and neurotoxic (7) effects in the CNS. 

Syncylin-I is a complex human endogenous retroviral protein 
that is largely beneficial to the host in terms of facilitating placen- 
tal development (8). However, in the brains of MS patients, Syn- 
cytin-1 modulates an inllammalory cascade when its expression is 
increased by various factors including exogenous viruses (9). Re- 
cent studies indicate that Syncytin-l transcript levels are quanti- 
tatively increased in the brains of MS patients compared with other 
inflammatory neurological disease controls (10). Interestingly, 
TNF-a, an inflammatory molecule in the brains of MS patients, 
was found to enhance Syncylin-I expression in astrocytes (11), 
which consequently results in production of free radicals and cy- 
tokines (12) that could afl'ect expression of ASCTl and ASCT2, 
given that free radicals influence expression of membrane proteins 
(13, 14). Free radicals are also produced when cells undergo 
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persistent endoplasmic reticulum (ER) stress (15). a constellation 
of host responses, which maintain cellular homeostasis, tenned the 
unfolded protein response (16). Accumulation of misfolded pro- 
teins contribute to disruption of ER function, resulting in the un- 
folded protein response (17). Induction of ER stress molecules 
including activating transcription factor-4 has been previously 
demonstrated in MS lesions (18). Furthermore, accumulation of 
proteins such as MHC class I in the ER (15) or ER stress induction 
by IL-ljS or NO impairs oligodendrocyte repair (19). Several ret- 
roviral envelope proteins induce ER stress, together with suppress- 
ing the cognate viral receptor (20). For example, infection by mu- 
rine leukemia virus (MuLV) down-modulates expression of its cell 
surface receptor, mCAT-1 (21). Several lines of evidence impli- 
cate glia in retrovirus-induced ER stress and neuropathogenesis 
(22). Infection of astrocytes with Moloney MuLV (MbMuLV)-t5rl , 
leads to an ER stress response defined by neuroinflammation and 
neurodegeneration. In fact, envelope proteins from both the retro- 
viruses, MoMuLV-/a1 and FrCas*^, mediate ER stress in the brain 
(22-25) and directly affect oligodendrocyte viability by inducing 
the proapoptotic ER stress gene. GADD153/CHOP (26). 

Up-regulation of HERVs has been observed in the context of 
neuroinflammation (27) and cytokine treatment (28). Earlier stud- 
ies showed induction of both Syncytin-I and inducible NO syn- 
thase (INOS) in glial cells in the brains of MS patients, particulariy 
in astrocytes (12, 29). Importantly, iNOS induced mitochondrial 
calcium flux thereby activating ATF-6 (30). The transcription fac- 
tor, old astrocyte specifically induced substance (OASIS), is acti- 
vated in response to ER stress by modulating expression of the Ig 
H chain-binding protein (BiP), thereby protecting astrocytes from 
ER stress (31). We hypothesized that in an inflammatory milieu 
mediated by increased Syncytin-1 levels in astrocytes, the expression 
of its receptors ASCTl and ASCT2 might be modulated, possibly 
through ER stress-related mechanisms. Tlie present studies revealed 
that Syncytin-1 induced several ER stress-associated molecules in- 
cluding OASIS and GADD153/CHOP, which in turn augmented 
iNOS expression in astrocytes. In this study, we describe a novel 
pathway for oligodendrocyte injury in which Syncytin- 1 induced OA- 
SIS expression in astrocytes accompanied by production of NO and 
the transcription factor, early growth response 1 (Egrl ), leading to the 
suppression of ASCTl in astrocytes with ensuing adverse effects on 
oligodendrocyte proteins involved in myelin fonnaiion. 

Materials and Methods 

Human brain tissue and imnumohistocheinistry 

Brain tissue (frontal white matter) was collected at autopsy as described 
previously (27). Control subjects included 19 patients: Alzheimer*s disease 
{« = 6); HIV infection with encephalitis (n = 4) or gliosis {n = 4): cerebral 
arteriosclerosis (n ~ 2); anoxic encephalopathy {n — I): normal brain 
pathology {n ~ 2). MS patients included 20 patients who had been clas- 
sitied as primary progressive {n = 6), secondary progressive (n ~ 10), and 
relapsing-remitting (n = 4) and had Estimated Disability Status Scale 
scores ranging from 7 to 9 before death. Frozen brain tissue from MS 
patients was obtained from the Multiple Sclerosis Patient Care and Re- 
search Clinic (Edmonton, Alberta, Canada) and the Neurovirology Labo- 
rator>' Brain Bank (University of Calgary, Calgary, Alberta, Canada), as 
previously described (12, 32, 33). Histological sections of brain tissue with 
clear evidence of acute lesion formation and normal appearing white matter 
were used. Within limits of assessment, care was taken to isolate tissue that 
might have lesions. Parafiin-embedded sections from the above tissues 
were immunostained with Abs to ionized calcium-binding adaptor protein 
I (lba-1; 1.0 ^g/nil: Wako). glial fibrillary acidic protein (GFAP: 1/2000: 
DakoCyromation), Syncytin-1 (8) (6A2B2; 1/1000), ASCTl and ASCT2 
(1/40; U.S. Biologicals), mouse anti-myelin basic protein (MBP; l/KXK); 
Stemberger Monoclonals). 2', 3'-cyclic nucleotide 3'-p!iosphodicstcrase 
(CNP) (1/500; Chemicon International). iNOS, Egrl, GADD153/CHOP, 
BiP. and ERp57 (I/I 00; Santa Cruz Biotechnology), as previously described 
(33-35). All slides were examined with a Zei.ss A.xioskop 2 upright micro- 
scope and the Spot system (Diagnostic InstrunicnLs) to pix)vide digital images. 



Cell culture and reagents 

Cell cultures (U937. HFA, U373, HEK293T) were maintained, as de- 
scribed (12). Oligodendrocytes were harvested and prepared from adult 
Sprague-Dawley rats. Briefly, brains from 6-mo-oId rats were harvested 
and pooled. Cells were dissociated by trypsin digestion and isolated by 
Percoll gradient centrifugation as described (36). Cell isolates, consisting 
of oligodendrocytes. a.strocytes, and microglia, were plated onto uncoated 
25-cm* flasks. In contrast to astrocytes and microglia, adult oligodendro- 
cytes are poorly adherent on uncoated substrate; floating cells were col- 
lected the following day and, when subjected to another round of differ- 
ential adhesion, resulted in oligodendrocytes cultures of >95% purity. 
Purified oligodendrocytes were then plated onto Lab-Tek 16-well chamber 
slides (Nunc) or glass coversiips coated with 10 Mg/nil poly-L-omithine 
(Sigma-Aldrich). Oligodendrocytes were cultured in MEM supplemented 
with 10% FBS, 20 /xg/ml gentamicin, and 0.1% dextrose. Mouse bone 
marrow-derived macrophages were prepared as described (37). Cells were 
treated with human or murine TTsfF-a, lL-1/3, IL-10 (R&D Systems), so- 
dium nitropnisside (SNP; 100 nM; Axxora Life Science), benzylserine 
(Bachcm), l-NAME (5.0 ^M; Sigma-Aldrich), or 50 ng/ml PMA 
(Sigma-Aldrich). 

Pseudotyped viral infections 

Pseudotyped virions expressing Syncytin-1 were generated by cotransfect- 
ing 293T cells with plasmids expressing firefly luciferasc within an enve- 
lope-inactivated HlV-1 clone (pNL-Luc-E~R~) and the expression vector 
containing the full-length Syncytin- 1 sequence (pCDNA-Syncytin-1) or 
pCDNA3.I alone (8. 38). As a control, HIV-JRFL envelope (38) was used 
for pseudotypc fonnation. Transduction of target cells by pseudotyped vi- 
rus led to expression of lucifera.se, which was quantified in cells, lyscd 48 h 
following infection, using the Luciferase Assay kit (BD Pharmingen). For 
experiments described in the study. IOO-/1I supernatants were used for 
inflection of target cells. 

Small- interfering RNA (siRNA) and quantitative PCR 

Human Syncytin- 1 gene (GenBank Accession ID: NM_0 14590) was am- 
plified using the primers 5 ATCTA A AGCTT GCC ACCATGGCCCTCC 
CTTATC-3' and 5'-TGAGTACCGCGGACTGCTTCCTGCTGAA-3' and 
the PCR product was cloned into the Hin&WX and SacW sites (underlined) 
of pYFP-Nl (BD Clontech) to obtain Syncytin-1 -yellow fluorescent pro- 
tein (YFP) fusion construct (2.5 /xg), which was transfected into HEK293T 
cells with or without si RNA (2(X) pM). si RNA duplexes were synthesized 
by Invitrogen Life Technologies ("Stealth siRNA"). The sequences of the 
duplexes used were as follows: enhanced YFP sense, ACG GCA AGC 
UGA CCC UGA AGU UCA U; enhanced YFP aniisense, AUG AAC UUC 
AGG GUC AGC UUG CCG U: Syncytin-1 sense, GCU AGG UGC ACU 
AGG UAC UGG CAU U; Syncytin-I antisense, AAU GCC AGU ACC 
UAG UGC ACC UAG C. Semiquantitative real-time RT-PCR was per- 
fornied by monitoring in real time the increase of fluorescence of the 
SYBR Green dye (Molecular Probes) on the iCycler (Bio-Rad) with nor- 
malization to GAPDH or /i-actin (33) using primers described in Table I. 

Transgenic (Tg) mice and genotyping 

(5'-AAGGAATAAAGCGGCCGCATGGCCCTCCCTTATCATATCriT 
C-3') and (5'-AAAAGGAAAAGCGGCCGCCTAACTGCTTCCTGCTG- 
3') primers with Not\ tags (underlined) and a silent mismatch (C, italicized) 
in the sense sequence were used to PCR amplify Syncytin-1 from phCM- 
Vph74 (8), resulting in a 1.6-kb PCR product, which along with a pFGH 
vector bearing the GFAP promoter (39) were digested with Not\. The PCR 
product was cloned into pFGH to obtain pFGH-Syncytin-1, which was 
digested with EcoKX to produce a fragment of 5 kbp that was used for 
pronuclear microinjection. PCR genotyping from tail biopsies was per- 
formed to detect the transgenc (267 bp) using Syncytin-I primers 5 '-AC 
CCATACCTCAAACCrCACCrG-3' and 5'-CrriTGTTGCGGGGCrr 
AGATA-3'. For the purposes of the present study, 12-wk-old Fj Tg mice 
with wild-type (Wr) littennate controls (h = 6/group) were used. All stud- 
ies and procedures adopted University of Calgary Animal Care Committee 
guidelines. 

Western blot analysis 

Ten micrograms of protein was separated by 10% SDS-polyacryl amide at 
120 V for 2 h. Proteins were transferred overnight at 4**C onto nitrocellu- 
lose membranes, followed by blocking with 10% skimmed milk to prevent 
nonspecific binding. Western blot analysis was performed using the mAb 
6A2B2. which detects Syncytin-1 (8, 12). OASIS (31), actin-HRP, and 
iNOS (1/100; Santa Cruz Biotechnology); GADDI53/CHOP and BiP were 
detected by Abs, mentioned above. 
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Table I. Usi of oligonucleotide PCR primers used in the study 



Primer 




Sequence 


PLP 


5' 


-CTTCCCTGGTGGCCACTGGATTGT- 3 ' and 




5' 


- CCGCAGATGGTGGTCTTGTAGTCG - 3 


MOG 


5' 


-CCTCTCCCTTCTCCTCCTTC-3' and 




5' 


-AGAGTCAGCACACCGGGGTT-3 ' 


CNPase 


5' 


-CTACCCTCCACGAGTGCAAGACGCT~3 ' and 




5' 


- AGTCTAGTCGCCACGCTGTCTTGGG- 3 ' 


OASIS 


5' 


-CAACGCACCCCACTCACAGACACC - 3 ' and 




5' 


- GGAGC AGC AAAGC C C GC AC T AAC T 


GADDI53 


5' 


- AACC AGC AGAGGTC ACAAGC - 3 ' and 




5'' 


-AGCCGTTCATTCTCTTCAGC~3 ' 


COT 


5' 


- TTATCGGAAATTC AC AAGG AT - 3 ' and 




5' 


- TGGCG AAG AATGT AGTCT ATC - 3 ' 


JFN-o 


5' 


-GTGATCTCCCTGAGACCCAC-3' and 




5' 


- GGTAGAGTTCGGTGC AGAAT 


PERK 


5' 


-AAGTAGATGACTGCAATTACGCTATCAA-3 ' and 




5' 


- TTTAACTTCCCGCATTACCTTCTC - 3 ' 


ERp57 


5' 


- TCAAGGGTTTTCCTACC ATCTACTTC - 3 ' and 


5' 


-TTAATTCACGGCCACCTTCAT-3 ' 


BiP 


5' 


- TC ATCGGACGCACTTGGAA - 3 ' and 




5' 


-CAACCACCTTGAATGGCAAGA- 3 ' 


hASCTl 


5' 


-TCCCCATAGGCACTGAGATAGAAG-'3 ' and 




5' 


-CAAGGAACATGATGCCCACAGGTA- 3 ' 


hASCT2 


5' 


-CCTGCTGGGGGTGCTCTTTGGACA-3 ' and 




5' 


-TTGAGTTGGGGACATGAGTGAGAA- 3 ' 


mASCTl 


5' 


- CCTGGCTTG ATGATGAACGC - 3 ' 




5' 


-CTGGTGCTGCTCACCGTGTC-3 ' 


111ASCT2 


5' 


-CCATCGGCGCCACGGTCAACAT-3 ' 




5' 


-GTGGCGAGGGGCAGTGGATTCAGA-3 ' 


cgri 


o 


-anpAnpAPPTTPAAPPPTPA- T and 


5' 


-CAGCACCTTCTCGTTGTTCAGA-3 ' 


Egr3 


5' 


-TTGGGAAAGTTCGCCTTCG-3 and 


5' 


-ATGATGTTGTCCTGGCACCA-3 ' 


Egr4 


5' 


- CCCCGCTGGATGCCCCTTTTC - 3 ' and 


5'' 


-ACTCTCCGCCGTCGCCGCTACTCC-3 ' 


Syncytin- 1 


5' 


-TGCCCCATCGTATAGGAGTCT-3' and 


5' 


-CATGTACCCGGGTGAGTTGG- 3 ' 


iNOS 


5' 


-CAAAGGCTGTGAGTCCTGCAC-3 ' 




5' 


-ACTTTGATCAGAAGCTGTCCC-3 ' 



Transfcction 

Five micrograms of the constructs OASIS-FLAG (31) and pVGW427 (40) 
were transfected into HFA or HEK293T cells using Transfcctin Lipid re- 
agent (Bio-Rad) or Lipofcctamine 2(X)0 (Invitrogen Life Technologies), 

respectively. 

Syncytin-J overexpression and microarray analysis 

Astrocytes were infected with a Sindbis virus-derived vector expressing 
Syncytin-1 (SINrepS-Syncytin- 1), enhanced GFP (EGfT; SlNrep5-EGFP), 
or mock infected as described (12) and immunostained for Syncytin-1 ex- 
pression using 6A2B2. Total cellular RNA from infected astrocytes was 
hybridized using Affymeirix Human Genome U133 Plus 2 arrays. Expres- 
sion values were calculated using GeneChip Operating Software (Af- 
fymctrix). The cxperimcnlal approach and data acquisition were performed 
in accordance with Minimum Information about a Microarray Experiment 
requirements. 

Quantitative immunofluorescence 

After fixation in 4% parafonnaldehydc, cells were penneabilized by PBS 
containing 0.1% Triton X-100. Cells were then blocked with Li-Cor Od- 
yssey blocking bufler and primary Abs were added at a concentration of 
1/500 and incubaicd oveniighi ai 4°C. Following washes with PBS con- 
taining 0.1% Twecn 20, secondary Abs (IRDye 800 conjugated or Alexa 
Fluor conjugated) were added at a concentration of l/2(X) and incubated 1 h 
at room temperature, after which cells were washed. The plate was then 
scanned using the Odyssey Infrared Imaging System (600 and 700 nin, 169 
resolution. 2 mm offset, and intensity setting of 5 for both channels). 
Label intensity was measured by densitometric analysis of the wells. 

Cell counts 

Fluorescently (Alexa 488; Molecular Probes/I nviirogen Life Technolo- 
gies)-labclcd cells were counted (10 fields) from a total area of 23,760 fxm' 



SYNCYTIN-1 INDUCES NEURO INFLAMMATION IN MS 

using a X 10 objective on a Zeiss Axioskop microscope and expressed as 
a percentage. 

Neurobehavioral studies 

Behavioral tests were conducted as described (41), The horizontal bar test 
involved a test of coordination and foreiimb strength using a horizontal bar 
that was 0.2 cm thick, 38 cm long, held 49 cm above a bench (41). The 
static rod lest involved a test of coordination using live rods each 60 cm 
long and of varying thickness (diameter) (rod 1 : 35 mm; rod 2: 28 mm; rod 
3: 22 mm: rod 4: 15 mm; and rod 5: 9 mm). These rods were bolted to the 
edge of a bench such that the rods horizontally protruded their full 60-cm 
length into space. A mouse was placed at the exposed end of the widest rod 
and the time taken to orient 1 80 degrees from the starting position and the 
time taken to travel to the other end were noted (41). A test of muscle 
strength and seeking behavior were determined using the inverted screen 
test. Tlie inverted screen was a 43-cm square inch of wire mesh consisting 
of 12-iTun squares of 1-mm diameter wire and surrounded by a 4-cm deep 
wooden beading (41). We modified the invened screen lest by placing the 
mouse at a point that was equidistant from the edges of the screen and the 
stop clock was started once the screen was inverted and measured the time 
taken to reach the edge of the inverted screen, as a measure of curiosity and 
seeking behavior. 



Statistical analyses 

Statistical tests were performed using GraphPad InStat version 3.01 soft- 
ware including the Mann-Whitney Vox unpaired / tests and, when multiple 
treatments were used, a one-way ANOVA with the Tukey- Kramer multiple 
comparisons test. 



Results 

ASCTI expression is selectively diminished in MS brain tissue 

Loss of amino acid transpoiter expression from astrocytes in neu- 
rodegenerative diseases results in glutaniate-mediated excitotoxic 
damage and death of neurons (42). Indeed, decreased levels of 
glutamate transporters have also been desciibed in MS lesions (5). 
To investigate the expression of other amino acid transporter pro- 
teins serving as Syncytin-1 receptors in the nervous system, we 
examined ASCTI and ASCT2 expression. We analyzed tissue sec- 
tions from MS and non-MS control brains. Demyelinated (D) le- 
sions from MS patient brains (Fig. \Aii) stained less intensely with 
Luxol fast blue and H&E compared with a non-MS control brain 
section (Fig. \Ai), Serial sections of deinyelinated regions in the 
brains of MS patients demonstrated a marked increase in Syncy- 
tin-1 immun ore activity (Fig. L4iv), particularly in astrocytes ex- 
pressing GFAP (Fig. \Aiii\ Syncytin-1: blue; astrocytes: brown; 
insets GFAP-positive astrocyte). Similar sections revealed intense 
ASCTI immunoreactivity in the white matter of non-MS brain 
sections (Fig. \Av)on glial cells including both astrocytic (Fig. M, 
inset, arrow) and monocytoid cells (data not shown) but con- 
versely, ASCTI expression was reduced in MS secrions (Fig. \Avi. 
arrow indicates an ASCTI -positive cell). Expression of ASCT2, 
however, revealed no differences in immunoreactivity between the 
while matter of non-MS (Fig. \Avii) and MS patients (Fig. \Aviii). 
ASCT2 expression was predominantly expressed on activated mi- 
croglia (Fig. \Aviii, arrow). Conoborating these findings was the 
observation that ASCTI transcript levels were significantly dimin- 
ished in MS brain white inatter relative to non-MS brains (Fig. 
1^). Conversely, ASCT2 transcript levels did not differ in white 
matter between clinical groups. ASCTI transcript levels did not 
differ in (frontal) cortex between non-MS and MS patients, while 
ASCT2 was not detected in the cortex (Fig. 1 B). Thus, ASCTTl was 
selectively down-regulated in astrocytes of white inatter tissue 
from MS padents in conjunction with increa.sed expression of 
Syncytin-l. 
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FIGURE 1, ASCTI expression is suppressed in MS. A, Demyelinated 
(D) lesions from chronic MS patient brains (//) stained less intensely with 
Luxol fast blue, H&E compared with non-MS controls (/)■ MS brains 
showed marked increase in Syncytin-1 immunorcactivity (/v), particularly 
in GFAP-posilive astrocytes (///, inset). ASCTI expression was detected in 
non-MS brains (v), particularly in astrocytes (v, inset) compared with min- 
imal immunorcactivity in acute MS white matter (vO. ASCT2 expression 
did not differ between MS (viii) and non-MS controls (vii). MS brains 
showed diminished ASCTI niRNA in white matter (WM) but not in the 
frontal cortex (CTX) compared with non-MS controls. ASCT2 mRNA was 
undetectable in the CTX and did not differ between groups in the WM (ZJ). 
(Original magnification, X50 (A, / and //); X400 (A, iii-viii) {insets 
XIOOO)) (***, p < 0,(X)1; *, p < 0.05). 



Inflammation increases Syncytia- 1 expression while Syncytia- J 
diminishes ASCTI levels in astrocytes 

The envelope proteins of the HERV-W family induce several 
proinflammatory molecules (12, 43). We have also demonstrated 
previously that Syncytin-l expression in brain-derived cells is in- 
duced by different mitogens (12). Because HERV-R gene expres- 
sion is induced by TNF-a and IL-lp (28), we detennined whether 
inflammation might induce Syncytin-1. Examination of Syncytin-1 
mRNA in astrocytes treated with proinflammatory molecules re- 
vealed its induction by TNF-« in a concentration-dependent man- 
ner (Fig. 2A). Because ASCTI down-regulation was observed in 
astrocytes of MS lesions, which also exhibited enhanced Syncy- 
tin-1 expression, we confirmed this in vivo result in an ex vivo 
system and determined the mechanism by which Syncytin-1 -me- 
diated suppression of its receptors in astrocytes. Cell cultures of 
purified brain-derived astrocytes, neurons, and monocyte-derived 
macrophages (MDM) were established. Expression of ASCT2 has 
been previously demonstrated in human fetal astrocytes (44) and 



placenta (45). However, the evidence for ASCTI emd ASCT2 pro- 
tein expression in the brain-derived cells is sparse. Indeed, immu- 
nocytochemical detection of ASCTI and ASCT2 revealed abun- 
dant expression in cultured human fetal astrocytes (Astro, Fig. 2B, 
a and vz), MDM (Fig. IB. Hi and vii), and neurons (Fig. 2B, iv and 
viii) compared with the controls (Fig. 28, i and v) suggesting ubiq- 
uitous expression in these brain-derived cells. To investigate the 
effects of mitogen/celiular differentiation on individual receptor 
expression, we examined transcript levels of each gene in primary 
human fetal astrocytes, MDMs, and neuronal (LAN-2) cells. PMA 
treatment disclosed significantly increased ASCTI mRNA expres- 
sion in MDMs (Fig. 2C), whereas no changes were seen with re- 
spect to ASCTI and ASCT2 in other cell types (Fig. 2C and data 
not shown). 

Syncytin-1 is able to form pseudotyped virus particles (4, 46, 
47), but its cell tropism in the nervous system was unknown. We 
investigated whether Syncytin-1 was functional in the above cell 
types by using a pseudotyped virus assay. Supematants from cells 
transfccted with only pCDNA-Syncytin-1 or cotransfected with 
pNL-Luc-E"R~ exhibited Syncytin-1 immunorcactivity suggest- 
ing that Syncytin-1 -pseudotyped virions were released into the cul- 
ture medium (Fig. 20). Infection with the pseudotyped viruses 
revealed that human MDMs and astrocytes but not humjm neurons 
were permissive to infection (Fig. 2£). Moreover, a feline lym- 
phocyte line (MYA-1) was not pennissive to the pseudotyped vi- 
ruses (data not shown). Because Syncytin-1 was functional in these 
latter studies, we overexpressed Syncytin-l in human fetal astro- 
cytes by transduction of a Syncytin-1 -expressing neurotropic Sind- 
bis virus (12), which revealed syncytia formation in astrocytes 
(Fig. 2F), confirmed by glial fibrillary acidic protein (GFAP) pos- 
itivity (Fig. 2G, inset). cDNA microarray analysis was subse- 
quently performed of astrocytic cells transduced with the Sindbis 
vims-derived vector expressing Syncytin-1. The cDNA expression 
profile revealed several genes that were also affected in acute le- 
sions from brains of MS patients in an earlier study (48) (Table 11). 
Importantly, the two receptors for Syncytin-L ASCTI and 
ASCT2, were markedly suppressed in astrocytes overexpressing 
Syncytin-1 (Table III). Moreover, several genes involved in MS, 
particularly an MS lesion-specific transcript and a disintegrin 
and metalloproteinase (ADAM)- 10 in addition to multiple 
genes involved in ER stress, myelin synthesis, and immune re- 
sponse, previously uncharacterized in MS lesions, were modu- 
lated in astrocytes expressing Syncytin-1 (Table III). These re- 
sults suggested that TNF-a induces Syncytin-1 expression in 
astrocytes, whose enhanced levels contribute to diminished ex- 
pression of its receptors in astrocytes. Nonetheless, the mcch- 
anism(s) by which Syncytin-1 contributed to suppression of its 
receptors remained uncertain. 

ER cfiaperones are up-regidaied in astrocytes overexpressing 
Syncytin-I 

As several retroviral proteins cause neuropathogenic effects 
through aberrant protein expression (24, 26, 49), we investigated 
whether the increased levels of Syncytin-1 in the brains of MS 
patients (12) contributed to an integrated response leading to cel- 
lular pathology. Human fetal astrocytes, which overexpressed Syn- 
cytin-1, demonstrated significantly increased transcript levels of 
GADD153/CHOP, BiP, PERK, ERp57, and OASIS (Fig. M). but 
not in astrocytes transduced by an EGFP-expressing virus (control) 
(p < 0.05). However. ER chaperone genes were not induced in 
MDMs overexpressing Syncytin-1 relative to EGFP-expressing 
MDMs (Fig. 3/?). Indeed, astrocytes tran.sduced with an HIV-1 
envelope-expressing construct also did not show induction of the 
same ER chaperone genes (data not shown). To determine the 
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FIGURE 2. Inflammation drives 
Syncytin-I expression. Syncytin-l 
expression was significantly induced 
in astrocytes treated with 15 ng/ml 
TNF-<i; compared with untreated con- 
trol C4). By Immunostaining of human 
fetal astrocytes (// and vi). macro- 
phages (///■ and r//), and primary 
neurons (/V and viii) revealed the ex- 
pression of ASCri and ASCT2, 
compared with control cells for which 
the primary Abs were omitted {i and 
v). Relative quantification of ASCTl 
and ASCT2 was perfonned using 
cDNA prepared from MDM, astro- 
cytes (U373), and neurons (LAN-2). 
ASCTl mRNA expression was sig- 
nificantly increased in diiferentiaced 
MDMs (C). However, there were no 
significant differences in the levels of 
ASCT2 expression among the cell 
lines examined. Syncytin-l immuno- 
reactivity in supernatants from 
HEK293T cells transfected with 
pCDNA-Syncytin-1 (Syn-1) was 
enhanced by cotransfection with 
pNL-Luc-E~R~ (Luc) compared 
with pNL-Luc-E~R~ alone {D). 
MDMs and astrocytes but not neu- 
rons were permissive to infection by 
the pseudotyped virus (E). Syncy- 
tin-l (SYN-1) expressing human fe- 
tal astrocytes {F) but not controls 
(C) exhibit syncytia formation 
{{inset, GFAP-posilive astrocytes) 
(original magnification, X200 (S, F 
and G)) (**♦, p < 0.001). 




5 10 IS 
TNF.a(n94U) 



B 











-..,s - ■ . V. 






/j-t''. vili 




Syn-1 Syn-1 -4-Luc Luc 



□ Astro 
Q MDM 
■ Neurons 




COMTROL 



comparative transcript levels of ER chaperone genes in Syncytin- 
1 -expressing astrocytes and brains of MS patients, we examined 
ER chaperone gene induction in brain white matter from MS (n = 
1 5) and non-MS controls (« == 1 2). The expression profile of ER 
chaperones observed in Syncytin-l -expressing astrocytes 
closely resembled transcript abundance in brain white matter 
tissue of MS patients relative to non-MS controls (Fig. 3C). In 
particular, the induction of OASIS was highly significant {p < 
0.001) in MS brains compared with non-MS controls. To de- 
termine the cell types expressing ER chaperones, we analyzed 
tissue sections from MS and non-MS control brain sections. 
Serial sections from the same lesions showed increased 
GADD153/CHOP (Fig. 3Dii) and BiP (Fig. 3Div) expression 
compared with non-MS control brain (Fig. 2D, i and respec- 
tively). GADD153/CHOP expression was increased in several 
cell types, but most prominently in astrocytes, colocalized with 



GFAP immunoreaciivity (Fig. 3D/7, inset) (GADDI53/CHOP: 
blue; GFAP: brown) in brains of MS patients. BiP expression 
was found in several cell types including astrocytes (Fig. 3Dfv, 
arrow) and macrophages (Fig. 3/)/i', arrowhead) in the white 
matter of MS demyelinating lesions compared with non-MS 
controls (Fig. 3Di/7), whereas ERp57 (data not shown) was min- 
imally expressed. However, PERK, a key component of the ER 
stress pathway, was not detected by immunohistochemistry, 
which might be a limitation of the Ab used in this study, rather 
than its absence, as transcript levels were detected (Fig. 3C). 
Considering the recent evidence showing ER stress in oligo- 
dendrocytes (15) and induction of GADD153/CHOP by retro- 
viral infections leading to oligodendropathy (26), we expected 
to see ER stress proteins in these myelin-producing cells. How- 
ever, the acute demyelinating lesions examined in the present 
study did not reveal any GADDI53/CHOP-immunoposilive 
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Table 11. Genes increased attd decreased in Syncytin- 1 -expressing astrocytes, showing a similar profile in lesions from MS patients 
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Gene Name 


Function 


Fold Change 


GcnBaiik ID 


Increased 


CEBPG 


CCAAT/enhancer-binding protein (C/EBP), y 


Z. /J 






TNFRSF6 


Tumor necrosis factor receptor superfamily, member 6 




M \A r\r\f\r\A "2 

lNiVl_UUUUH3 




RCNl 


Reticulocalbin K HF-hand caJcium-binding domain 


J .Ou/ 


IN ivi_uuzyu i 


Decreased 


GAD2 


Glutamate decarboxylase 2 (pancreatic islets and brain, 65 kDa) 


U.VO 1 Djo 


DK^ 1 zo juz 




SPOCK2 


Sparc/osteonectin, cwcv and kazal-like domains proteoglycan (testican) 2 




IN lYi_U 1 H- / O / 




SST 


Somatostatin 


K),y 1 34oz 


IN M_UU 1 1>4<> 




NLUROD2 


Neurogenic differentiation 2 


K/.n fJ 


A uno 1 7/10 

/\IjOZ 1 /*+Z 




PVALB 


Parvalbumin 




IN jVl_LIUZ o Dh- 




CCNI 


Cyclin 1 • 


r» Qc /I ~7f\ 1 

U.oj4 /Ui 






SCO 


Stearoyl-CoA desaturase (5-9-desaturase) 


U.OM-Z 1 


Di„AAO 8U / 




RPS4YI 


RihoQr>nifll nrntcin S4 Y-linlcprf 1 


0.827586 


NM_001008 




RAB5B 


RAB5B, member RAS oncogene family 


0.820896 


AF267863 




PEGS 


Paternally expressed 3 


0.817308 


AF208967 




HTR7 


5-Hydroxytryptamine (serotonin) receptor 7 (adenylate cyclase-coupled) 


0.706767 


NM 019859 




ACAT2 


Acetyl -coenzyme A acetyliransfcrasc 2 (acetoacetyl coenzyme A thiolase) 


0.704403 


BC000408 




HSPA6 


Heat shock 70-kDa protein 6 (HSP70B') 


0.7 


NM 002155 




AQPU 


Aquaporin 1 1 


0.680272 


AI886656 




MAPID 


Methionine aminopeptidase ID 


0.675676 


AA779679 




KIF5A 


Ktnesin family member 5 A 


0.666667 


AF063608 




CNP 


2 ',3 '-Cyclic nucleotide 3' phosphodiesterase 


0.619792 


AK098048 




EXTU 


Exostoses (mulripleVlike3 


0.619355 


BC006363 



oligodendrocytes. Thus, multiple ER chaperones including OASIS 
and GADD153/CHOP were overexpressed in brain gJia of MS pa- 
tients, siiggesdiig a role for ER stress in the pathogenesis of MS. 

OASIS contributes to inflammation and diminished ASCTl 

expression in astrocytes 

As several retroviral proteins, including Syncytin- 1, induce free rad- 
icals in glia (12), v/e hypothesized that Syncytin- 1 iiiight influence 
expression and function of its putative receptors, ASCTl and ASCT2, 
in the brain (50), perhaps through regulation by free radical produc- 



don tmd removal, similar to the related transporter, xCT (13, 51, 52), 
whose expression in microglia potentiates neuronal injury in Alzhei- 
mer's disease (53). Corresponding to increased transcript levels of 
OASIS in MS brain lesions (Fig. 3(7), Western blot analysis (Fig. 4/1, 
inset) of non-MS {n = 6) and MS {n = 6) patient brain lysates re- 
vealed a significant increase in OASIS immunoreactivity in the brain 
(Fig. AA). Because OASLS induces the transcription of target genes by 
acting on the ER stress responsive element and cAMP responsive 
element (54), we hypothesized diat OASIS might trigger iNOS, 
perhaps through the cAMP responsive element within the iNOS 



Table III. Gene profile in Syncytin- 1 -expressing astrocytes showing up-regulation and down-regulation of inumme response, myelin -related, 
and ER stress genes 



Gene Name Function Fold Change GcnBank ID 



ER stress response 



STCH 


Stress 70 protein chaperone, microsoine-associated, 60 kDa 


8.3 


AI718418 


HSPHl 


Heat shock 105-kDa/110-k:Da protein 1 


5.285714 


NM_006644 


LONP 


Peroxisomal Ion protease 


3.32 


AV700132 


FU23560 


Hypothetical protein FU23560 


2.564103 


NM_024685 


FU142SI 


Hypothetical protein FIJI 428! 


2.375 


NM_024920 


HSPDJ 


Heat shock 60-kDa protein 1 (chaperonin) 


2.236842 


NMJ)02156 


SERPi 


Stress-associated endoplasmic reticulum protein 1 


2.261905 


AL 136807 


HERPVDI 


Homocysteine-inducible, endoplasmic reticulum stress>inducible, ubiquitin-like 


0.735294 


BC015447 




domain member 1 






HSPA5BP] 


Heat shock 70-kDa protein 5 (glucose-regulated protein. 78 kDa) binding protein 1 


0.710692 


AB046803 


GADD45B 


Growth arrest and DNA-damage-inducible. fi 


0.702899 


AV658684 


Syncxtin- 1 


HERV-W envelope glycoprotein 


3.114286 


AC000064 


SLC)A4 (ASCTl) 


Solute carrier family 1 (glutamate/neutral amino acid transporter), member 4 


0.677632 


W72527 


SLCIA5 (ASCT2) 


Solute carrier family 1 (neutral amino acid transporter), member 5 


0.693431 


AF 105230 


MS related 








ADAMIO 


A disintegrin and metalloproteinase domain 10 


8.25 


N51370 


MS lesion 


MS lesion transcript 


6.818182 


N73682 


CMT4B2 


Charcot-Marie-Tooth neuropathy 4B2 (autosomal recessive, with myelin outfolding) 


4.478261 


AK022478 


MBP 


Myelin basic protein 


0.734266 


NM 002385 


MAG 


Myelin-associated glycoprotein 


0.685039 


X98405 


Immune response 








SOCS5 


Suppressor of cytokine signaling 5 


5.375 


NM_01401 1 


STAT/ 


Signal transducer and activator of transcription 1.91 kDa 


2.121951 


NM_007315 


TLR4 


Toll-like receptor 4 


2.05 


NM_003266 


TLR9 


Toll-like receptor 9 


0.731707 


AB045180 


IL23A 


Interlcukin 23, a subunit pi 9 


0.724138 


NM_016584 


OUGI 


Oligodendrocyte transcription factor 1 


0.722222 


AL355743 


TLR8 


Toll-like receptor 8 


0.606838 


NM 016610 


OAS/ 


2',S'-oligoadenylatc synthetase 1, 40/46 kDa 


0.413408 


NM^002534 
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Non-MS MS 

FIGURF"! 3. ER chaperones are up-regulated in astrocytes overexpress- 
ing Syncyiin-1. Syncytin-I (SYN-1) expressing human fetal astrocytes 
(UFA) but not controls exhibit increase in niRNA relative fold change 
(RFC) in mRNA of Syncytin-1 and ER chaperone genes, BiP, GADD153/ 
CHOP, PERK, ERp57, and OASIS compared with conu-ols (A). MDMs 
expressing Syncytin-1 did not show any increase in the transcript levels of 
ER chaperone genes (B). Jncreased transcript levels of Syncytin-1, BiP, 
GADD153/CHOP, PERK, ERp57, and OASIS were evident in the white 
matter tissue of MS (« — 12) brains relative to non-MS controls (/i — 1 1) 
(C). O, MS brains showed marked increase in GADD153/CHOP immu- 
noreactivity (i7), particularly in GFAP-positive astrocytes (//, inset) and BiP 
(/v) expression compared with non-MS controls (i and in), (Original mag- 
nification, X400 (/-/v); inset, X 1000) /) < 0.001; *, p < 0.05). 



promoter (55). Indeed, inci"cased expression of iNOS in OASIS-trans- 
fected astrocytes was evident compared with the control (empty vec- 
tor) (Fig, 4B), Based on these results, wc transfected astrocytes with 
an OASIS expression vector, Overexpression of OASIS resulted in 
down-regulation of Syncyun-1 receptor, ASCTl, but not ASCT2, 
with the latter gene demonstrating increased expression (Fig. 4C). 
Interestingly, soluble Syncytin-1 also induced OASIS transcription in 
asUX)cytes, which was inhibited by a mAb to Syncytin-1 (data not 
shown). Thus, Syncytin-1 -induced OASIS expression, resulting in 
iNOS induction, which was associated with down-regulation of 
ASCTl expression, but not ASCT2, thereby recapitulating the present 
obsemitions in MS brain lesions. 

Syncytin-i directly contributes to ASCTI suppression 

Retroviral envelope glycoproteins including Syncytin-1 mediate 
immune responses (12, 43) and receptor expression (45). To ex- 
amine whether the down -regulation of ASCTI in our model was 
directly due to enhanced Syncylin-1 expression, we constructed a 
vector that expressed Syncytin-I-YFP fusion protein. Syncylin-l 
was cloned into the pYFP vector for subsequent expression in 
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ASCTI ASCT2 

FIGURE 4. OASIS contributes to inflammation and diminished ASCTI 
expression in astrocytes. OASIS immunoreactivity (50 kDa) was increased 
in MS brains compared with non-MS controls (A, inset). Graphic analysis 
of OASIS immunoreactivity relative to jS-actin revealed a significant in- 
crease in MS brains {B). iNOS immunoreactivity was increased in astro- 
cytes overexprcssing OASIS relative to the empty vector (Control) (Q. 
Astrocytes overexprcssing OASIS or Syncytin-1 (SYN-1) down-regulated 
ASCTI . but not ASCl^ compared with empty pcDNA 3.1 vector (Connol) 
(C) (**, p < O.Ol; *, ;j < 0.05). 



various target cells. Transfected cells expressed the fusion protein 
with miniinal cell death for at least 72 h (Fig. 5/4, / and ii). Human 
fetal astrocytes, which expressed Syncytin-1 -YFP (Fig, 5Ai\ were 
transfected with siRNAs directed to the surface unit of Syncytin-1 
(Fig. SAiii) tmd expression of YFP was monitored as an indication 
of Syncytin-1 knockdown. Cells transfected with Syncytin-1 -YFP, 
with (Fig. 5A, /// and iv) or without (Fig. 5A, / and ii) siRNA 
treatment, were viable but siRNA treatment abrogated Syncytin-1 
expression, indicated by absence of YFP expression (Fig. 5Aii7). 
Having confirmed knockdown of Syncytin-1 by monitoring ex- 
pression of YFP by confocal microscopy of live cells (Fig. 5A, / 
iind Hi) and preserved cellular viability by bright field microscopy 
(Fig. 5A. // and iv) for 72 h, we proceeded to confirm whether 
Syncytin-1 transcripts were similarly inhibited by siRNA against 
Syncytin-1. Syncytin- 1 - YFP expression was correlated with high 
transcript levels of Syncytin-1 in astrocytes relative to mock-trans- 
fected control cells (Fig. SB). siRNA directed to Syncytin- 1 sup- 
pressed transcript levels of Syncytin-1 in HFA (Fig. 5B) and 
HEK293T cells (data not shown). Because siRNA-mediated 
knockdown of Syncytin-1 was optimized, we tested whether Syn- 
cytin-1 influenced the expression of its cognate receptors. Indeed, 
astrocytes that expres.sed Syncytin-1 displayed significantly lower 
levels of ASCTI but not that of another amino acid transporter, 
EAATl (Fig. 5C). However, when these cells were subsequently 
treated with siRNA to block Syncytin-1, the transcript level of 
ASCrri was restored (Fig. 5C). These results indicated that the 
down-regulation of ASCTI in astrocytes is a consequence of en- 
hanced Syncytin-1 expression, which was consistent with obser- 
vations made in the white matter lesions of N4S patients. 

Syncytin- J impairs expression of myelin proteins 

Oligodendrocyte injury and death might represent an early neuro- 
pathological feature of MS, in advance of infiltrating inflammatory 
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FIGURE 5. Syncytin-1 down-rcgulaics ASCTI. A, Confocal (/ and //'/) 
and bright-field microscopy (i7 and iv) images of cells expressing Syncy- 
tin- 1 (SYN-1) (/) together with siRNA against Syncytin-I (SYN-1 + 
siRNA) showed reduced expression of Syncytin-1 (m). RT-PCR confirmed 
Syncytin-1 knockdown by Syncytin-1 -directed siRNA {B). Syncytin-1 ex- 
pression reduced the ASCTI transcript level, which was significantly re- 
versed by siRNA- mediated knockdown of Syncytin-1 (C). Under similar 
conditions, expression of another amino acid transporter, EAATl was not 
altered (O (***» p < 0.001; *, < 0.05). 



cells (56), but it is also a cardinal feature of established MS lesions 
(57). In our earlier study, we used other oligodendrocyte markers 
such as adenomatous polyposis coli and GSTpi, revealing that 
Syncytin-1 mediated cell death through an uncertain mechanism 
(12). To determine whether a direct cause-and-eflfect relationship 
existed between expression of Syncytin-J in astrocytes and expres- 
sion of myelin proteins, we examined the effects of supernatants 
from astrocytes overexpressing Syncytin- 1 on an early myelination 
marker, CNP, and a late myelination marker, MBP, both of which 
c\3lq present in the present oligodendrocyte cultures. The cell culture 
protocol was a modification of procedures adopted to isolate 
mouse oligodendrocytes and we have been successful in using this 
culture system in earlier studies ( 1 2. 58). Supernatants from Syn- 
cytin-1 -transfected astrocytes reduced the number of CNP-positive 
oligodendrocytes (Fig. 6Aii). However, siRNA-mediated knock- 
down of Syncytin-1 in astrocytes mai'kedly reversed these adverse 
effects, restoring CNP imniunoreactivity (Fig. 6Aiii) to control lev- 
els (Fig. dAi). siRNA -mediated inhibition of Syncytin-l expres- 
sion restored the total number of CNP-positivc oligodendrocytes, 
which was reduced by Syncytin-1 expression in astrocytes (Fig. 
6B). Immunofluorescence levels of CNP-expressing oligodendro- 
cytes (Fig. 6C), which were reduced by Syncytin-1 -mediated tox- 
icity, were also rescued by siRNA-medialed inhibition of Syncy- 
tin-l expression in astrocytes but there was no effect of Syncytin-1 
on MBP immunofluorescence (Fig. 6C). Because our observations 
indicated a reduction in expression of ASCTI in MS brain white 
matter (Fig. 1) and in astrocytes overexpressing Syncytin-1 (Fig. 4 
and Table III), we hypothesized that inhibition of ASCT transport- 
ers may adversely affect astrocyte function. Supernatants from as- 
trocytes treated with benzylserine, an inhibitor of ASCT transport- 
ers (59), were found to activate caspase-3 in rat oligodendrocytes 
in a concentration -dependent manner (Fig. 6Z>). Indeed, similar 




B C D 




FIGURE 6. Syncyiin-1 diminishes oligodendrocyte viability. A, Oligodendrocytes treated with supernatants from mock (i), Syncyiin-1 (SYN-1) over- 
expressing iji), and Syncytin-1 overexpressing with anti-Syncytin- 1 siRNA transduction (/7r) himian fetal astrocytes revealed that the supernatants from 
Syncytin-1 -overexpressing astrocytes were cytotoxic to oligodendrocytes (//). Spontaneous death of oligodendrocytes in cultures ranged from 1.2 to 2.5%. 
siRNA-mediated knockdown of Syncytin-1 reversed the toxic effects of Syncy tin- 1 -expressing astrocyte supemaiants as shown by counts of the number 
of CNP-positive oligodendrocytes iB) as well as quantitative analysis of immunolluorcscence depicted as a percent of CNP imniunoreactivity (C). 
Immunoreactivity of MBP was not affected by various treatments (C). Supernatants from human fetal astrocytes treated with 1 mM benzylserine decreased 
oligodendrocyte viability as demonstrated by significantly low levels of CNP and MBP immunoreactivity (Q. Human fetal astrocytes (HFA) were treated 
with benzylserine dissolved in DMSO or medium containing similar amounts of DMSO. A total of 100 ^1 of supernatant from HFA was added to rat 
oligodendrocytes cultured on a chamber slide and incubated for 24 h at 37°C. Oligodendrocytes were immunostained for MBP (red) and activated caspase-3 
(green). The number of activated ca.spasc-3 and MBP-positivc oligodendrocytes was counted per field and expressed as a ratio of positive cells in 
benzylserine (BS) containing supernatant to that of DMSO containing supernatant from astrocytes. Results indicate a concentration-dependent increase in 
oligodendrocyte damage and injury with benzylserine treatment (D). (Original magnification, X400 {A)) (*♦♦, p < 0.(X)1; **, p < 0.01). 
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treatment of oligodendrocytes reduced immunofluorescence levels 
of both CNP and MBP (Fig. 6C). more so than astrocytes express- 
ing Syncytin-l ip < 0.01). Thus, Syncytin-1 expression and in- 
hibition of ASCT reduced oligodendrocyte viability, as evidenced 
by suppression of myelin protein and cell death. 

iNOS and EgrI suppress ASCTJ in astrocytes 

Brains of MS patients display increased expression of iNOS (12, 
60) and Egrl (18), a transcriptional repressor of ASCTl (61). 
Given that OASIS induced iNOS in astrocytes, we examined the 
contributions of iNOS and Egrl to the expression of ASCTl. 
Transfection of astrocytes with a vector expressing Syncytin-l re- 
vealed significant induction of Egrl, but not Egr3 and Egr4 (p < 
0.05; Fig. 7A). Treatment of astrocytes with the NO donor. SNP, 
reduced ASCTl mRNA (p < 0.05; Fig. IB). Expression of Egrl 
was also significantly increased by SNP in keeping with earlier 
studies showing that NO enhanced Egrl expression (62) (p < 
0.001; Fig. IB). Our observations were confirmed by quantitative 
immunofluorescence smalysis of Egrl expression, which was in- 
creased in astrocytes after SNP or Syncytin-l treatment (p < 0.05; 
Fig. 7C). SNP treatment decreased ASCTl expression in a dose- 
dependent manner in astrocytes (p < 0.05; Fig. ID), confirming 
our PCR results (Fig. IB). The suppression of ASCTl transcripts 
observed in Syncytin-l -overexpressing astrocytes was signifi- 
cantly reversed by treatment of cells with a nonspecific NOS in- 
hibitor, L-NAME (Fig. IE). ASCTl suppression was independent 
of regulation by cytokines, as both IL-iO and IL-ip significantly 
increased the transcription of ASCTl (Fig. IF). Enhanced expres- 
sion of Egrl was also observed in MS brain white matter lesions 
(Fig. 7H) compared with non-MS controls (Fig. 7G). Egrl was 
localized predominantly in the cytoplasm of astrocytes in the white 
matter (GFAP- positive astrocytes: blue; Egrl: brown) (Fig. 7//, 
inser). Thus, these observations indicated that diminished ASCTl 
expression on astrocytes was induced by Syncytin-l and modu- 
lated by NO and Egrl. 

Syncytin-l -Tg mice exhibit neuroinflammation ami induction of 
ER chaperones 

We have previously reported up-regulation of Syncytin-l in the 
brains of MS patients relative to age-matched controls (12). To 
extend the ex vivo data obtained above, we generated Tg mice 
expressing Syncytin-l, under the control of the GFAP promoter 
(39) in CD-I mice (Fig. 8/4). Transgene detection was performed 
by PCR assay using tail-derived genomic DNA (Fig. SB). As Syn- 
cytin-l Tg mice displayed no disease phenotype, we used a model 
of MS in which TNF-« was stereotaxically implanted into the 
corpus callosum (12), an anatomical region frequently exhibiting 
dcmyelination in MS patients (63). TNF-a activates GFAP (64) 
and also enhanced Syncytin-l expression in astrocytes (Fig. 2A). 
Because Syncytin-l Tg and Wt littermates stereotaxically im- 
planted with PBS did not demonstrate Syncytin-l expression (Fig. 
8C), subsequent comparisons were made between Tg and Wt an- 
imals implanted with TNF-a, which significantly induced Syncy- 
tin-l mRNA (Fig. 80) and protein (Fig. 8£) expression in brains 
of Tg mice. To determine whether Syncytin-l expression in the 
brain provoked an inflammatory response in mice, we examined 
TNF-a-implanted Syncytin-l -Tg and Wt littermates, which 
showed that the inflammatory genes TNF-a. and I FN -a were in- 
creased in the implanted Tg mice brains relative to implanted Wt 
animals (Fig. SF). Induction of proinflammatory molecules was 
specific to the brain, because treatment of macrophages from Syn- 
cytin- 1 -Tg mice with TNF-a did not induce proinflammatory gene 
expression differential ly compared with Wt-derived macrophages 
(data not shown). Interestingly, expression of CNP and another 
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FIGURE 7. iNOS and Egrl suppress ASCTl abundance. Expression of 
Syncytin-l (SYN-l) in astrocytes induced the expression of the repressive 
transcription factor Egrl , but not Egr3 and Egr4, (A) compared with mock 
(Control) or empty vector (Vector) transfected cells. Treatment of astro- 
cytes with the NO donor, SNP (-f-SNP) significantly decreased ASCTl 
expression, concurrenlly increasing the expression of Egrl compared with 
untreated cells (—SNP) (B). Quantitative immunofluorescence of Egrl 
showed significant induction in astrocytes treated with soluble Syncytin-l 
(SYN-l) or SNP relative lo supeniatants from empty vector (Vector) or 
mock (Control) transfected HEK293T cells (C). SNP dose-dependently 
suppressed ASCTl in astrocytes, measured by quantitative immunofluo- 
rescence analysis (£)). The suppression of ASCIT in astrocytes expressing 
Syncytin-l was reversed when cells were treated with the nonselective 
NOS inhibitor, l-NAME (5 /xM) (E). Astrocytes (U373) and monocytoid 
cells (U937) were treated with IL-IO, lL-l/3. and TNF-a (10 ng/ml) for 
24 h and expression of ASCTl was examined by real-time RT-PCR, which 
revealed a significant increase with IL-10 and IL-1/3, but not with TNF-« 
treatment, in astrocytes but not monocytoid cells (F). MS brains (//) re- 
vealed increased expression of Egrl in astrocytes in the white matter com- 
pared with non-MS controls (G). (Original magnification, X400 (G and H)\ 
inset H, X 1000) (**, /? < O.Ol; *, p < 0.05). 

marker of oligodendrocyte/m ye li nation, ceramide galactosy trans- 
ferase (CGT), were significantly reduced in Tg mice (Fig. SF). 
Brain tissue from TNF-«-implanted Tg mice also revealed signif- 
icant induction of ER chaperone gene transcripts, ERp57, OASIS, 
and GADD153/CHOP. compared with Wt littermates (Fig. 8G). 
while both BiP and PERK showed a trend toward increased tran- 
script levels. OASIS, which is induced during astrocytic ER stress 
(31) (Fig. 3/4) and in acute lesions of MS patients (Fig. 4A), was 
also increased in the brain of Syncytin-l-Tg mice (Fig. SC). Ex- 
pression of BiP and GADD153/CHOP proteins was increased in 
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FIGURE 8. Syncytin-l-Tg mice 
show neuroinflammation and £R 
stress. The Syncyun-I gene was 
cloned inio pFGH vector containing 
the GFAF promoter (A). Transgcnc 
integration was confirmed by geno- 
lyping revealing a 267-bp product 
(SYN-1) (B). Implantation of PBS into 
the corpus callosum of Syncytin-l-Tg 
mice did not induce Syncytin- 1 expres- 
sion compared with implantation with 
TNF-tif, where the Syncytin- 1 immuno- 
reactive band is seen in lane I (Q. 
TNF-a implantation induced Syncy- 
tin- 1 transcript levels in Tg mice 
compared with PBS-implanted Tg 
mice (/>). TNF-tt implantation in- 
duced Syncytin- 1 immunoreactivity 
on Western blot in Tg mice brains but 
not in Wt littermates (E). TNF-a im- 
plantation also enhanced levels of the 
proinllammator)' genes, TNF-ot and 
I FN- a, and decreased levels of the ol- 
igodendrocyte markers, CGT and 
CNP, in Syncytin-l-Tg mice relative 
to Wt littermates (O- TNF-a implan- 
tation significantly enhanced levels of 
ER chaperone genes, particularly 
GADDJ53/CHOP, ERp57, and 
OASIS, in the brains of Syncytin-l-Tg 
mice relative to Wt Htiermaics (G). 
These latter results were also con- 
ttrmed by Western blot analysis, 
which revealed induction of GADD153/ 
CHOP and BiP in Syncytin-l-Tg 
mice brains (//). (***, p < 0.001; 
«*, p < 0.01; *,p< 0.05). 
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brains of Syncytin-l-Tg mice (Fig. SH). Thus, the Syncytin-l-Tg 
mice exhibited neuroinflammation with induction of several ER 
chaperones, similar to observations in MS brains. 

Syncytin- J 'Tg animals show diminished myelin proteins and 
neurobehavioral deficits 

The brains of TNF-a-implanted Syncytin-l-Tg mice revealed as- 
trocytosis, demonstrated by increased GFAP immunoreactivity 
and astrocyte hypertrophy (Fig. 9A, i and ii). Iba-1 immunoreac- 
tivity on monocytoid cells was also augmented in the brains of Tg 
mice compcu-ed with Wt littermates (Fig. 9 A, Hi and /v). Brains of 
Tg mice displayed increased numbers of infiltrating CD3-positive 
T cells relative to controls (Fig. 9A, v and vi). Importantly, Syn- 
cytin- 1 -positive astrocytes (Fig. 9Aviii^ inset) in brains of Tg mice 
demonstrated increased iNOS immunoreactivity (Fig. 9i4v£7i), rel- 
ative to Wt littermates (Fig. 9/4 viV), which supported the notion that 
iNOS and ER stress induction are closely coupled (65). Analysis of 
CNP immunoreactivity in the corpus callosum demonstrated a 
marked reduction in Syncytin-l-Tg mice (Fig. 9Ax) compared with 



Wt littermates implanted with TNF-a (Fig. 9Aix\ confiiTning ear- 
lier observations (12). The Syncytin-l-Tg mice, thus, did not pos- 
sess a hypomyelination phenotype, but rather a specific dcmyeli- 
nation because CNP immunostaining in the corpus callosum was 
unaffected in sites remote from TNF-a implantation. Expression of 
the ER chaperone, BiP, was observed in both groups (Fig. 9 A, xi 
and jciV), while GADD153/CHOP expression was prominently ex- 
pressed in oligodendrocytes in brains of Syncytin-l-Tg mice (Fig. 
9 A. xiv and inset) compared with Wt littermates implanted 
with TNF-a (Fig. 9Axiii). Expression of the ER stress protein, 
GADD153/CHOP, in oligodendrocytes corroborates recent obser- 
vations in murine retrovirus- induced oligodendropathy (26). Com- 
plementing these findings, Syncytin-l-Tg mice implanted with 
TNF-a displayed significantly lower ASCTI transcript levels but 
ASCT2 did not differ between groups. This finding corresponded 
to higher iNOS mRNA levels in the Tg mice (Fig. 9B\ empha- 
sizing our immunohistochemical analysis. This effect appeared to 
be specific to iNOS because transcript levels of neuronal NOS did 
not differ between Wt and Tg mice implanted with TNF-a (data 
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not shown). Furthermore, the number of ASCTl -positive cells was 
reduced in Syncytin-l-Tg mice implanted with TNF-a coinpared 
with Wt littermates (Fig. 9C). Stereotaxic implantation of TNF-a 
into the corpus callosum of Syncytin- l-Tg animals resulted in sig- 
nificant neurobehavioral deficits compared with TNF-a-implanied 
Wt littermates at days 3 and 6 poslimplantation (Fig. 9D). The 
mean deficit scores were obtained from a combination of three 
behavioral tests described previously (41). TNF-a-impl anted Tg 
mice grasped a horizontal rod for a significantly shorter length of 
time compared with the Wt littermates. In addition, Tg mice were 
sufficiently impaired that they could not hold on to an inverted 
screen and reach the screen edge, while Wt littermates reached the 
edges of the inverted screen more quickly. Lastly, Tg mice im- 
planted with TNF-a exhibited mean delays in the time taken to 
cross a cantilevered beam, compared with Wt littermates, suggest- 
ing that the Tg mice showed diminished motor activity and ex- 
ploratory behavior. Thus, in vivo Syncytin-1 overexpression re- 
sulted in neuroinfl animation characterized by induction of iNOS 
and activation of ER chaperones, piuticuhyly OASIS and subse- 
quent down-regulation of the Syncytin-1 receptor, ASCTl, result- 
ing in suppression of myelin proteins and neurobehavioral 
abnormalities. 

Discussion 

Sustained activation of the innate immune cells within the CNS 
in concert with persistent adaptive immune responses promotes 
neural injury during MS, independent of the roles of infiltrating 
T and B cells (66, 67). Herein, overexpression of a human en- 
dogenous retrovirus envelope protein, Syncytin-l, in astrocytes 
exerted neuropathogenic effects by inducing the ER chaperone, 
OASIS, with ensuing down-regulation of the Syncytin-I recep- 
tor, ASCTl, accompanied by the release of oligodendrocyte 
cytotoxins (Fig. 10). Activation of OASIS-induced iNOS and 



the transcriptional repressor Egrl in astrocytes contributed to 
diminished ASCTl expression (Fig. 10) observed in clinical 
samples, cell culture models, and a new Tg mouse model of MS. 
Given that HERVs represent 8% of the human genome and are 
able to express biologically active proteins (40), the present 
studies underscore the potential impact of HERV gene expres- 
sion on disease mechanisms. 

Previous studies have demonstrated that Syncytin-1 expres- 
sion in astrocytes increases proinflammatory molecules (12). 
However, Syncytin-1 expression in astrocytes is also induced 
by an inflammatory milieu, highlighting a vicious cycle with 
deleterious implications for oligodendrocytes. Moreover, ex- 
cessive or chronic ER stresses result in apoptotic cell death 
(31), which is a feature of MS, including mounting evidence for 
the role of ER stress in affecting oligodendrocyte viability (26). 
The current studies implicate astrocytes in the pathogenesis of 
MS, which is plausible assuming the pivotal role of astrocytes 
in maintaining homeostasis in the CNS through regulation of 
neuroinflammatory, neurotrophic, and neurotoxic factors (68). 
Because ER stress responses can regulate both inflammation 
and cell survival (69), the induction of ER chaperones in the 
brains of Syncytin-l-Tg mice may contribute to enhanced in- 
flammation observed in these animals. Although the expression 
and function of the protective ER chaperone OASIS have not 
been elucidated in detail (31), this study indicates that OASIS 
is induced in MS brain tissue and in astrocytes overex pressing 
Syncytin- 1 with pathogenic efi^ects on oligodendrocytes, possi- 
bly mediated by reduced expression of ASCTl. 

Diminished expression of ASCTl in brains of MS patients in 
conjunction with increased expression of Syncytin-1 prompted 
the examination of relative levels of ASCTl and ASCT2 in 
astrocytes expressing Syncytin- 1, Interestingly, cellular dift'er- 
entiation increased ASCTl receptor expression in macrophages. 
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FIGURE 10, Model of Syncytin- 
1 -mediated neuropathogenesis. As- 
trocytes overex pressing Syncylin-1 
undergo BR stress, including induc- 
tion of OASIS. Activation of iNOS 
by OASIS leads to increased produc- 
tion of NO, which augments Egrl ex- 
pression with ensuing suppression of 
ASCTl, a receptor for Syncytin- 1 and 
an amino acid transporter. Reduced 
ASCTl function causes oligodendro- 
cyte injury and death through the 
regulation of cytotoxic molecule 
release. 
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which may have important implications for viral entry. Syncy- 
tin- 1 has been reported to form infectious pseudotyped viruses 
with HIV-1, but not MuLV (47), We used a similar pseudotyp- 
ing strategy to investigate the permissiveness of different neural 
cells to Syncytin- 1 -mediated cell entry. Interestingly, Syncytin- 
1 -mediated entry of the pseudotyped virus was restricted to as- 
trocytes and macrophages, although neurons also expressed the 
putative receptors for Syncytin- 1, Given the ubiquity of their 
expression, it was expected that all cell types were permissive 
to the Syncytin- 1 -pseudotyped virus. However, the present neg- 
ligible infection of human neurons raises the possibility of other 
(co)receptors mediating viral envelope engagement or perhaps 
other inhibitory mechanisms including viral interference (70), 
However, these studies confirmed the functional properties of 
the pre,sent Syncytin- 1 clone. 

The current report demonstrates that brain cells express 
ASCTl and ASCT2, providing the first human in vivo descrip- 
tion of their expression in the CNS. Furthermore, expression of 
ASCT2 was low in the adult brain (71) but our observations of 
ASCT2 immunostaining in human brains reveals its expression 
in microglia. ASCTl was chiefly expressed in GFAP-positive 
astrocytes, but not in neurons, oligodendrocytes, or microglia of 
mice (72), similar to our observations in human brains. Impor- 
tantly, there was selective down-regulation of ASCTl in MS 
brain white matter. Of interest, ASCTl was also found to be 
significantly down-regulated in glial cells treated with 7-keto- 
cholesterol, which is increased in MS brains and is formed by 
oxidative stress-damaged myelin (73), supporting the present 
findings. 

To elucidate the mechanism of ASCTl down-regulation, we 
hypothesized that Syncytin- 1 -mediated inflammation and ER 
stress might contribute to diminished receptor expression. Ex- 
pression of OASIS in astrocytes resulted in induction of iNOS 
and suppression of ASCTl. Hence, it was assumed that NO 
might play a role because NO donors are known to modulate 
ASCT2 expression (74). The rationale for using NO donors was 
that Syncytin- 1 mediates NO production and the formation of 
peroxynitriles (12), both of which induce ER stress (75). iNOS 
expression and overproduction of NO in astrocytes of MS de- 
myelinating lesions also contributes to inflammation and tissue 



injury (12, 60). Indeed, SNP, an NO donor, diminished ASCTl 
expression in astrocytes, but also induced Egrl, a potential re- 
pressor protein of ASCTl in neural cells (61, 76). Of note. Egrl 
also suppresses TNF-a (77), which may have pathogenic con- 
sequences in MS due to the protective nature of this proinflam- 
matory cytokine at low concentrations (78). Indeed, Egrl DNA- 
binding activity has been associated with oligodendrocyte death 
(79). Because iNOS and Egrl are significantly enhanced in 
brain lesions of MS patients (18) with concurrent down-regu- 
lation of ASCTl, we might have also identified a potential role 
for Egrl in MS neuropathogenesis. Thus, suppression of 
ASCTl was likely brought iibout by OASIS-mediated iNOS 
expression through the production of Egrl. 

The induction of ER chaperones in Syncytin- I-expressing as- 
trocytes and brain of MS patients might be a mechanism di- 
rected to achieving cellular homeostasis; failure to initiate ER 
stress or protracted ER stress leads to cell death. For example, 
GADD153/CHOP promotes recovery from ER and oxidative 
stress by inducing the expression of GADD34 and ER oxi- 
doreductin I, respectively, but prolonged expression results in 
release of cytotoxic reactive oxygen species (15). This suggests 
that the inechanism of oligodendrocyte killing seen in our pre- 
vious .study (12) might be due to OASIS-mediated production of 
free radicals in astrocytes as OASIS is upstream of GADD153/ 
CHOP. Thus, it appears that OASIS might bind to the promoter 
of BiP during the early stages of ER stress, as described by 
others (3 1) and enhance BiP expression leading to the release of 
reactive oxygen species and induction of iNOS as described 
previously (30). Additional ER stress pathways, including phos- 
phorylation of the sensor protein PERK as well as XBP-1 splic- 
ing, are potential topics for future experiments. Nevertheless, 
we have shown that a key ER stress sensor, OASIS, was in- 
duced in brains of MS patients and astrocytes expressing Syn- 
cytin- 1, might be the principal mechanism by which astrocytes 
expressing Syncytin- 1 aff^ect myelin protein expression. 

The present results suggest a specific down-regulation of 
ASCTl in MS because another astrocytic amino acid trans- 
porter, EAATl (80), was unafl'ected by Syncytin- 1. A further 
implication of these findings is that compromised expression of 
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ASCTl in the brain, particularly in astrocytes, might aifect ol- 
igodendrocyte viability and myelin protein expression. ASCTl 
is the principal transport system involved in the secretion of 
L-serine (81), a potent astrocyte-derived neurotrophic factor es- 
sential for myelination (82) and neuronal survival (83). In ad- 
dition, ASCTl also regulates D-serine and cysteine levels, 
which exert neurotoxic efiFects (7). Thus, diminished myelin 
protein expression observed in our study may be due to with- 
drawal of trophic amino acids or excess extracellular levels of 
toxic amino acids. These pathogenic processes require further 
investigation. 

Because the expression of ASCTl in astrocytes was sup- 
pressed by Syncytin-U a potential mechanism might be its reg- 
ulation by NO or peroxynitrites. as described for the HIV-1 
coreceptors, CXCR4 and CCR5 (84). Alternatively, diminished 
ASCTl expression in astrocytes might be a protective host cell 
response to minimize interaction with viruses and thereby limit 
immune-mediated pathology (85) or a receptor interference 
mechanism as in the case of CD4 down-regulation by HIV- 1 to 
prevent superinfection (20). Retrovirus receptor interference 
and down-regulation proceeds from direct interactions between 
the virus and the receptor or through indirect (intracellular) 
mechanisms, possibly involving redox regulation of the recep- 
tor (84). Nevertheless, loss of ASCTl might be compensated by 
ASCT2 due to the functional redundancy between ASCTl and 
ASCT2 (4). This possibility was further emphasized by our ob- 
servation of increased ASCT2 expression in astrocytes trans- 
fected with OASIS (Fig. 4C). Moreover, our observation that 
inhibition of both ASCTl and ASCT2 in astrocytes by benzyl- 
serine affected myelin protein expression (Fig. 6C) indicated 
that soluble free radical-induced factors released by astrocytes 
might be responsible. 

Enhanced neuroinflammatory responses in the brains of Syncy- 
tin-i-Tg mice as well as recruitment of CD3-positive T cells were 
evident in our model of MS, suggesting the potential role of Syn- 
cytin-i to chemoattract T cells into the brain and mediate im- 
munopathology in conjunction with neurobehavioral abnonnal- 
ities. In addition to adenomatous polyposis coli and GSTPi, 
oligodendrocyte markers that were earlier shown to be affected 
by Syncytin-1 (12), we now show that CNP, an early marker of 
myelination and oligodendrocyte viability, was also suppressed 
in our Tg model compared with MBP, a late marker. Supporting 
our observation is the finding that CNP, but not MBP, is reg- 
ulated by redox reactants (86). 

Hence, these studies have identified a distinct pathway involved 
in the pathogenesis of MS, wherein Syncytin-1 induces OASIS in 
astrocytes, which results in NO production and concurrent sup- 
pression of ASCTl in astrocytes, leading to diminished myelin 
protein expression (Fig. 10). Moreover, the present mouse mode! 
of MS expressing a HERV glycoprotein in astrocytes could be 
used to dissect the pathogenic mechanisms of MS without the con- 
straints reported for other MS models (87). 
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ABSTRACT Preeclampsia (PE). Hemolysis 
Elevated Liver Enzymes and Low Platelets (HELLP)- 
syndrome, and intrauterine growth restriction (lUGR) 
are associated with abnormal placentation. In early 
pregnancy, placental cytotrophoblasts fuse and form 
multinuclear syncytiotrophoblasts. The envelope gene 
of the human endogenous retrovirus-W, Syncytin, is a 
key factor for mediating cell-cell fusion of cytotropho- 
blasts. This study investigated clinical parameters of 
PE and HELLP-associated lUGR and analyzed the 
ceH-cell fusion index and p-human chorionic gonado- 
tropin (p-hCG) secretion of cytotrophoblasts isolated 
and cultured from placentas of these patients. In 
addition, we performed absolute quantitation of 
Syncytin and determined the apoptosis rate in both 
cultured cytotrophoblasts and placental tissues. Cul- 
tured cytotrophoblasts from PE and HELLP-associated 
lUGR correlated with a pronounced lower cell-cell 
fusion index, 1.8- and 3.6-fold; less nuclei per 
syncytiotrophoblast, 1.4- and 2.0-fold; a significantly 
decreased p-hCG secretion, 4.3- and 17.2-fold and 
a reduction of Syncytin gene expression, 8.1 
(P = 0.019) and 222.7-fold (P = 0.011) compared 
with controls, respectively. In contrast, a significantly 
2.3-fold higher apoptosis rate was observed in cultured 
PE/IUGR cytotrophoblasts (P = 0.043). Importantly, 
Syncytin gene expression in primary placental tissues 
of PE/IUGR was 5.4-fold lower (P = 0.047) and in 
HELLP/IUGR 10.6-fold lower (P = 0.019) along 
with a 1.8- and 1.9-fold significant increase in the 
apoptosis rate compared with controls, respectively. 
Low Syncytin expression in both cultured cytotropho- 
blasts and primary tissues from pathological placentas 
supports an intrinsic placenta-specific deregulation of 
cell-cell fusion in the formation of syncytiotropho- 
blasts leading to increased apoptosis. These processes 
could contribute to the development and severity of PE 
and HELLP-associated lUGR. MoL Reprod, Dev. 
© 2007 Wlley-Liss, Inc. 
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INTRODUCTION 

Normal placental morphogenesis occurs through a 
coordinated interaction between the maternal decidua, 
myometrium, and fetal trophoblasts (Benirschke and 
Kaufmann, 2000). This developmental process is essen- 
tial for a successful pregnancy outcome. Intrauterine 
growth restriction (lUGR) remains one of the most 
challenging perinatal problems, which can impact the 
health of the mother, fetus, or both and also results in 
increased morbidity and mortality. Preeclampsia (PE), 
defined as maternal hypertension and increased urinary 
protein excretion (Wilson et al., 2003) and the Hemolysis 
Elevated Liver Enzjones and Low Platelets (HELLP)- 
syndrome both originating from abnormal placental 
development due to diminished function, can occur 
alone or in combination with lUGR where the fetus 
also shows growth restriction (Khong et al., 1986; 
Roberts et al., 1991; Ness and Roberts, 1996). PE affects 
nearly 6% of all pregnancies and is the cause of 12% 
maternal deaths globally and furthermore results up to 
13% of stillbirths and 20% of early neonatal deaths in 
some areas of the world (WHO, 1987; Duley, 1992). 
Although, much is known about the diagnosis, the 
molecular etiology of lUGR, PE, and HELLP remains 
unknown. 

In early pregnancy during development of the feto- 
placental unit, stem cytotrophoblasts differentiate into 
villous and extravillous cytotrophoblasts (CT) along two 
pathways: the fusion and the invasive pathways (Loke 
and King, 1995; Potgens et al., 2004; James et al., 2005). 
During cell— cell fusion, mononuclear villous CT fuse 
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and form muitinuclear sync3d;iotrophoblasts (SCT), 
which represent the outer epithelial layer of the 
chorionic villi and are the primary site for maternal- 
fetal exchange of nutrients, gas, and waste products 
(Kingdom et al., 2000), Isolated and cultured CT fuse 
into SCT after 24-72 hr where SCT differ from CT not 
only in their morphology, but also in numerous endo- 
crine properties (Kliman et al., 1986; Babalola et al., 
1990). For example, it is well established that the 
secretion of |3-human chorionic gonadotropin (P-hCG) 
correlates with the cell- cell fusion process of CT into 
muitinuclear syncytia (Hoshina et al., 1985; Kliman 
et al., 1986). Extravillous CT are involved in the invasive 
differentiation pathway and are important for adequate 
invasion into uterine tissues and subsequent remodel- 
ing of spiral arteries (Pijnenborg et al., 1983; Zhou et al., 
1997). Several investigators have demonstrated 
reduced CT invasiveness in PE (Caniggia et al., 1999; 
DiFederico et al., 1999; Lim et aL, 1997), and which 
most likely contributes to a reduced placental blood 
flow and fluctuations in oxygen concentration. One 
theory has implicated that placental oxidative stress 
could be a key intermediary element in the development 
of PE (Redman and Sargent, 2000; Roberts and Hubel, 
1999). 

Human endogenous retrovirus (HERV) families 
represent remnants of past retroviral infections of 
germline cells of human ancestors and encompass 
7.7% of the human genome (Bannert and Kurth, 2004). 
HERV-W is a widely spread, multicopy gene family with 
sequences on several chromosomes and in general is 
transcriptionally silent. One functional HERV-W envel- 
ope gene, Syncytin, is localized on chromosome 7q21-q22 
and is highly expressed in the SCT layer (Mi et al., 2000). 
Syncytin has evolved as an essential gene in human 
placentogenesis mediating CT cell-cell fusion and 
differentiation (Blond et al., 2000; Mi et al., 2000; 
Frendo et al., 2003). To date, primary PE placental 
tissues have showed an altered cellular localization of 
Syncytin (Lee et al., 2001) and a lower Syncytin 
expression using semi-quemtitative Realtime-PCR (Lee 
et aL, 2001; Knerr et al., 2002, 2004). Studies have also 
identified the sodium-dependent neutral amino acid 
transporter ASCT2 as a receptor for Sync3i:in, which is 
expressed in the basal plasma membrane of SCT (Kudo 
and Boyd, 1990; Blond et al., 2000). For a successful 
pregnancy, the coordinated and regulated cell- cell 
fusion of CT is essential and perturbations in the cell- 
cell fusion process may be associated with some 
pregnancy-specific syndromes. 

Apoptosis is crucial to the development and home- 
ostasis of human tissues, including the human placenta. 
The process of apoptosis is highly conserved among 
multicellular organisms (Vaux and Korsmeyer, 1999) 
but at present, little is known about the cell type- and 
stimulus-specific pathways and the control of apoptosis 
in placental CT. Apoptosis is ongoing in CT of normal 
placentas with a higher incidence in the third trimester 
compared to the first trimester (Nelson, 1996; Smith 
et al., 1997b). Several studies have revealed that 



dysregulation of key elements in apoptosis pathways 
may contribute to the pathology of PE, HELLP, and 
lUGR, therefore apoptosis is important to study in 
placentogenesis (Smith et al., 1997b; Ishihara et al., 
2002; Levy et al., 2002). 

The aim of this study was to analyze an array of 
clinical parameters associated with PE and HELLP- 
associated lUGR patients. Importantly, we also inves- 
tigated the process of ceU— cell fusion and apoptosis 
in cultured placental CT isolated from PE and HELLP- 
associated lUGR patients as well as confirming our 
findings in primary pathological placental tissue. 

MATERIALS AND METHODS 
Patient and Tissue Collective 

The diagnosis of lUGR was based on the following 
constellation of findings: Elevated pulsatihty index (PI) 
in the uterine arteries and/or early diastolic notches in 
both uterine arteries, elevated PI in umbilical arteries, 
elevated head/abdomen ratio, reduced amniotic fluid 
index, and longitudinal measurements of reduced 
growth of the fetal abdominal circumference (<5 mm/ 
week) and/or cross sectional records of the estimated 
fetal weight below the 10th centile. PE was defined by 
the Redman and Jefferies (1988) criteria of hyperten- 
sion: blood pressure > 140/90 mmHg on two or more 
occasions with a rise in diastolic blood pressure >25 
mmHg occurring after 20 weeks gestation and protei- 
nuria >0.3 g/24 hr or >3-f on dipstick testing where 
delivery precludes a 24 hr collection. The diagnosis of 
HELLP followed additional criteria: lactic dehydrogen- 
ase >300 U/L, platelets < 100,000 and liver enz3mies 
twice as high as the upper normeil limit. 

With the ethiced approval of the Ethics Committee at 
the University of Erlangen -Nuernberg, a total of 23 
human placentas were obtained from 7 controls, 8 PE 
associated with lUGR, and 8 HELLP-associated with 
lUGR after elective Cesarean section or spontaneous 
labor. From this patient collective, a sample of patients 
was chosen for analysis of primary tissue (n = 12) and 
culturing of CT (n = 10). For analysis of placental tissue, 
two specimens from every placenta were disected from 
two different regions of the fetal-maternal interface, 
near the cord and the outer border for comparison. All 
collected tissues were then snap frozen in liquid 
nitrogen and stored at —SO'^C until further use. To 
obtain additional clinical associations, all patients 
participated in an extensive questionnaire, personally 
collected by the attending physicians. 

Isolation and Cidture of CT 

Primary human CT were isolated using the well 
established trypsin-DNase-dispase/percoll method (Bil- 
dirici et al., 2003; Kim et al., 2007; SchaifFet al., 2005) 
initially described by Kliman et al. (1986) with addi- 
tional modifications previously described by us (Schild 
et al., 2006) and in this report. CT were isolated from 
term (32—40 weeks of gestation) placentas and then 
cryopreserved in liquid nitrogen. Viability of CT was 
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assessed after thawing by trypan blue exclusion and 
showed routinely >85% viability. Briefly, for experi- 
ments cells were plated at a density of 300,000 viable 
cells/cm^ in Dulbeco*s Modified Eagle's Medium 
(DMEM) supplemented with 10% fetal calf serum, 
20 mM Hepes, 2 mM L-glutamine, penicillin/streptomy- 
cin (100 U/ml, 100 ng/ml), and non-essential amino acids 
in a humidified 5% CO2 environment at 37°C. Following 
4 hr after seeding, the media was changed to remove 
non-adherent cells and debris and then thereafter 
changed and collected every 24 hr. 

Immunofluorescence of CT 

The level of purity from CT isolations was determined 
using vimentin as a negative marker for CT together 
with the CT-specific marker Cytokeratin 7 (CK7) 
(Maldonado-Estrada et al., 2004). After culturing, the 
CT for 3 days in chamber slides, immunofluorescence 
was performed using a mouse anti-human vimentin 
(FITC-conjugated) antibody (1:200 in PBS/3% BSA, 
Fitzgerald Industries, Concord, MA) and then a mouse 
anti-human CK7 antibody (1:200 in PBS/3% BSA, 
Sigma, Tauflcirchen, Germany), detected with a texas 
red conjugated anti-mouse IgG antibody (1:100 in PBS/ 
3% BSA, BioMol GmBH, Hamburg, Germany) according 
to Maldonado-Estrada et al. (2004) and Strick et al. 
(2007). Immunofluorescence was examined using a 
Zeiss Fluorescence Axioscope. 

RNA Extraction and Absolute Quantitative 
Realtime PCR (qPCR) 

Total RNA was extracted from 50 to 100 mg of frozen 
placental tissues by mincing using a Mikro-Dismem- 
branator (Braun Biotech, Sartorius AG, Goettingen, 
Germany) and purified using Trizol^*^ reagent (Invitro- 
gen, Karlsruhe, Germany). From cultured primary 
human CT, RNA was also isolated and purified using 
Trizol®. RNAs were quantified by absorbance at 
260 nm. For Syncytin analysis, RNA was first pre- 
treated with DNase I (Sigma— Aldrich, Taufkirchen, 
Germany) and cDNA was generated with the High 
Capacity cDNA Kit (Applied Biosystems, Darmstadt, 
Germany) in a thermal cycler 2720 (ABI) for 2 hr at 37°C. 
For qPCR of Sync5i:in, a QuantiTect Multiplex Assay 
(Qiagen, Hilden, Germany) was designed according to 
Strick et al. (2007). Primer 1 (CCCTATGACCATCTA- 
CAC) and 2 (GCACTCCTGCTCCTATAACAAA) with 
FAM-labeled probe (ATCTAAGCCCCGCAAC) includ- 
ing a 18s-rRNA control. Cloned Syncytin DNA with 
known copy numbers was used as an external standard, 
to generate a standard curve with the Ct value against 
the log of amount of standard. The Gr of Syncytin was 
calculated according to the standard curve. 

Assessment of SCT by May-Gruenwald-Giemsa 
Staining and p-hCG Measurements 

CT were cultured in LabTek slides (Nunc, Wiesbaden, 
Germany) or in 6-well plates (BD Biosciences, Heidel- 
berg, Germany) and analyzed for cell-cell fusions at day 
3 using May-gruenwald-Giemsa (Sigma- Aldrich) stain- 



ing, which is a weU established method for visualizing 
SCT and determining the fusion index (Cheynet et al., 
2005; Dupressoir et al., 2005; Yagi et al., 2005). For each 
patient group, four different fields from CT cultures 
were assayed for the fusion index as well as for the 
average of nuclei present in SCT by two independent 
researchers. The fusion index expressed in percent was 
calculated as follows: [(N - S)/T] x 100, where N equals 
the number of nuclei in SCT, S equals the number of 
SCT, and T equals the total number of nuclei counted. In 
addition, secreted p-hCG was used as a specific bio- 
chemical fusion marker (Hoshina et al,, 1985; Kliman 
et al., 1986). Therefore, as represented for normal CT, 
supernatants from cultured CT were collected at day 3 
when cell— cell fusion peaked, stored at — 80°C, and then 
assayed in duplicates for P-hCG by an Immulite2000 
(DPC). 

Apoptosis Measurements 

Primary viable CT were plated at a density of 300,000 
cells/cm^ in 96-well dishes in DMEM media at 37°C and 
5% CO2. At day 3, cells were lysed and apoptosis was 
measured directly and quantitatively by an ELISA 
Assay (Roche, Mannheim, Germany) using monoclonal 
antibodies against DNA and histones, which specifically 
determined amounts of mono- and oligonucleosomes in 
the (ytoplasmatic fraction of cell lysates. For CT 
cultures, the apoptosis rate was defined as the amount 
of apoptosis per 20,000 cells in arbitrary units (a.U,). 
From frozen placentas, 20—30 mg tissues were first 
incubated with cell lysis buffer, then the total amount of 
proteins in the cell lysates was determined according to 
Bradford's method (Sigma) using BSA as a standard. 
Cell lysates were then analyzed for apoptosis also using 
the ELISA assay. The rate of apoptosis was defined as 
amount of apoptosis per 10 mg/ml of total protein (a.U). 

Statistical Analysis 

All data were expressed as mean ± standard error of 
the mean (SEM). Differences were assessed using the 
independent-sample t test using SPSS 13.0 (SPSS, Inc). 
AP-value of less than 0.05 was considered statistically 
significant. The graphs were performed using SPSS 
13.0. 

RESULTS 

Table 1 summarizes the clinical characteristics and 
statistical associations of 23 patients including PE/ 
lUGR and HELLP/IUGR women compared to controls. 
Table 2 summarizes all clinical characteristics of new- 
borns in this investigation. 

Due to the pivotal role of CT for placentogenesis and 
development of the fetus, we established the culturing of 
pathological CT to study the process of cell— cell fusion. 
To compare differences in cell-cell fusion, the cell-cell 
fusion index and P-hCG measurements were deter- 
mined. In addition, we quantitated the absolute Sjoicy- 
tin copy number per ng total RNA (Strick et al., 2007) 
and determined the apoptosis rate in cultured CT 
compared with placental tissues. Therefore, this study 
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represents a comprehensive analysis of various para- 
meters involved in the development of normal and 
pathological placentas. 

A Decreased Cell-Cell Fusion Index Correlated 
With Reduced p-hCG, Syncytin Expression, and 
an Enhanced Rate of Apoptosis in Cxiltured CT 
From Women With PE/IUGR and HEL.LP/IUGR 

Primary human CT were isolated from 10 different 
placentas (control n = 4; PE/IUGR n = 4; HELLP/IUGR 
n = 2) from our patient collective and fractionated cells 
were cultured. Over 95% of cells in primary cultures 
stained positive for the CT marker CK7, but negative for 
vimentin, a marker for mesenchymal cells including 
fibroblasts, endothelial cells, and leukoQi^es (data not 
shown). 

To investigate the process of cell— cell fusion, CT from 
control (n = 4), PE/IUGR (n = 4), and HELLP/IUGR 
(n = 2) cultures were analyzed microscopically at day 3 
to quantitate the fusion index and the average number 
of nuclei per SCT (Fig. 1). Interestingly, a 1.8-fold lower 



fusion index in PE/IUGR (37.6%) and a 3.6-fold lower 
fusion index in HELLP/IUGR (18.9%) were observed as 
compared to controls (68.9%). In addition, the average 
amount of nuclei in SCT from pathological CT was also 
lower compared to controls. For example, for controls, 
the average nuclei number was 6.5, whereas for PE/ 
lUGR and HELLP/IUGR, 4.6 and 3.2 nuclei were found 
per SCT, respectively. Therefore, pathological CT not 
only showed a lower number of cell— cell fusions but also 
a 1.4-fold (PE/IUGR) or 2.fold (HELLP/IUGR) lower 
average of nuclei per SCT. 

A quantitative analysis of P-hCG secretion from 
cultured CT of control (n = 4), PE/IUGR (n = 4), and 
HELLP/IUGR (n = 2) women was performed. Results 
showed that at day 3, the amount of secreted P-hCG was 
reduced from 2,630.5 ± 466.9 mlU/ml in control CT to 
615.0 ± 361.6 mlU/ml (P = 0.014) in the PE/IUGR group 
(Fig. 2A). A further reduction to 153.0 di 22.0 mlU/ml 
(P = 0.038) was observed in HELLP/IUGR. Thus, culti- 
vated CT showed a 4.3-fold and 17.2-fold p-hCG 
reduction in PE/IUGR and HELLP/IUGR, respectively 



TABLE 2. Characteristics of Newborns 



Control (n=7) 



PE/IUGR (n=8) 



P-value 



HELLP/IUGR (n=8) 



P-value 



Fetal birthweight [g] 
Pondera! index 
Length [cm] 
Head size [cm] 
Gender [%] 



3071 ±171 
29.8 ±0.6 
48.8 ±1.1 
34.5 ±0.6 
87.5 male, 14.3 female 



2256 ±389 0.091 

29.0 ±0.22 0.223 

44.0 ±2.7 0.138 

31.0 ±1.6 0.066 

62.5 male, 37.5 female n.d. 



1463 ±248 
28.3 ±0.30 
39.1 ±2.4 
28.1 ±1.3 
37.5 male, 62.5 female 



<0.0001* 
0.038* 
0.003* 
0.001* 
n.d. 



P-values were performed using Student's i-test. Significant P-values are indicated (*).n.d = not done. 
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control PEJ lUGR HELLP/IUGR 




Fig. 1. Light microscopy of cultured CT (3 days) isolated from 
control, PE/IUGR, and HELLP/IUGR patients and stained with May- 
Gruenwald-Giemsa. A: Overview of CT and cell-cell fusion events. 
Scale bar: 50 ^m. B: Single multinucleated SOT. 



as compared to controls. This finding supports a 
reduction in cell— cell fusion as demonstrated above for 
pathologicsQ CT. 

S5TiC3^in was quantified using absolute qPCR at day 3 
in CT cultivated from control (n = 4), PE/IUGR (n = 4), 
and HELLP/IUGR (n = 2) placentas. Results showed 
that Syncytin copy number per ng, RNA was signifi- 
cantly reduced both in the PE/IUGR (73.80 ± 26.99; 
P = 0.019) and the HELLP/IUGR (2.68 ±0.99; P = 
0.011) groups in comparison to controls (601.3 ±164.1) 
(Fig. 2B). Therefore, the decrease of Sync3^in expression 
compared to controls was 8.1 -fold lower in the PE/IUGR 
group and even more reduced to 222.7-fold in placentas 
with HELLP/IUGR. 

In addition to analyzing differences regarding cell— 
cell fusion, the rate of apoptosis was determined in 
cultured CT from PE/IUGR placentas (n == 4) in compar- 
ison to controls (n = 4). At day 3, a significantly higher 
rate of apoptosis was observed in the PE/IUGR group 
(P = 0.043) compared to controls (1.767 ±0.33 vs. 



0.784 ±0.195, Fig. 2C). Thus, pathological CT showed 
a 2.3-fold higher apoptosis rate than controls. 

Primary Pathological Placental Tissues Were 
Similar to Cultured CT With Reduced Syncj^in 
Expression and a Higher Apoptosis Rate 

To compare the above findings of cultured pathologi- 
cal CT, primary placentas from control (n = 4), PE/IUGR 
(n = 4), and HELLP/IUGR (n = 4) patients, including 
two different samples from each placenta, were ana- 
lyzed for the expression of Syncytin using absolute 
qPCR to obtain copy number per ng total RNA (Fig. 3A). 
A comparison of Syncytin mRNA copy numbers between 
the two different specimens from one placenta showed 
no significant differences. The analysis between the 
patient groups demonstrated a statistically significant 
lower level of Syncytin mRNA copy number in both the 
PE/IUGR (P = 0.047) and the HELLP/IUGR groups 
(P = 0.019) as compared to controls. A 5.4-fold lower 
copy number of Syncytin/ng total RNA was found in PE/ 
lUGR (29.2 ± 19.0 copies Syncytin/ng total RNA) than in 
controls (158.27 ±28.02 copies Syncytin/ng total RNA) 
and was even further reduced 10.6-fold in placentas 
from HELLP/IUGR patients (14.95 ± 9. 10 copies Syncy- 
tin/ng total RNA). There was no significant Syncytin 
reduction comparing HELLP/IUGR with PE/IUGR. 

To determine, whether primary tissue from patients 
with PE and HELLP-associated lUGR (each n = 4) also 
demonstrated an increase in placental apoptosis, pla- 
centa samples from our collectives were analyzed in 
comparison to controls (n = 4). Results indicated that a 
statistically significant higher apoptosis rate occurred 
in both the PE/IUGR and the HELLP/IUGR group 
(Fig. 3B). In detail, a 1.8-fold higher apoptosis rate was 
observed in the PE/IUGR group (0.655 ±0.130 a.U., 
P = 0.04) and a 1.9-fold higher rate was found in HELLP/ 
lUGR placentas (0.676 ±0.088 a.U., P= 0.008) com- 
pared to controls (0.349 ± 0.056 a.U.). These results 
showed that in patients with PE and HELLP-associated 
lUGR placental apoptosis is enhanced along with a 
significant reduction of Syncytin expression. 

In summary, these data indicated that a lower 
Syncytin expression and higher apoptosis rate in 
pathological primary tissue were similar to cultured 




Fig. 2. A: p-hCG secretion from cultured CT (3 days) from patients with PE/IUGR and HELLP/IUGR in 
comparison to controls. The P-hCG analyses were performed in duplicates. B: Absolute qPCR gene 
expression analyses of Syncytin in cultured CT (3 days) isolated from patients with PE/IUGR and HELLP/ 
lUGR in comparison to controls. C: Rate of apoptosis assayed by ELISA in CT isolated from control 
placentas in comparison to PE/IUGR CT at day 3. 
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Fig. 3, A: Absolute quantitative Realtime PGR gene expression analyses of Syncytin in placental 
primary tissue from patients with PE/IUGR (n = 4) and HELLP/IUGR (n = 4) compared with control 
patients (n = 4). B: Rate of apoptosis assayed by ELISA in placental tissue from patients with PE/IUGR 
(n = 4) and HELLP/IUGR (n = 4) compared with control patients (n = 4). 



CT from patients with PE and HELLP-associated lUGR. 
Therefore, cultivated pathological CT mimic the same 
deregulations as found in primary tissues (summarized 
in Table 3). 

DISCUSSION 

Our comparative in vitro growth analysis of both 
normal and pathological CT presents a new opportunity 
to study the cell biological/molecular properties of 
placental disorders. This investigation demonstrated 
that cultured pathological PE and HELLP-associated 
lUGR CT had an intrinsic impaired ability of cells to 
fuse. Furthermore, the lower cell- cell fusion ability 
supports a link with reduced Sync3^in levels in PE/ 
lUGR and HELLP/IUGR. 

Importantly, microscopic analysis of cultivated patho- 
logical CT at day 3 showed deregulation in cell— cell 
fusion process with both a lower fusion index and a lower 
average number of nuclei per SCT (fusion index PE/ 
IUGR = 37.6%, 4.6 nuclei/SCT; fusion index HELLP/ 
IUGR=18.9%, 3.2 nuclei/SCT) in comparison to con- 
trols (fusion index control = 68.9%, 6.5 nuclei/SCT) 
indicating reduced cell— cell fusion activity (Table 3, 
Fig. 1). The correlation of a reduced cell-cell fusion 
index with a decreased fold expression of Sync3rtin was 



not only significantly lower in cultivated CT from 
patients with PE/IUGR (8.1-fold, P = 0.019) and 
HELLP/IUGR (222.7-fold, P = 0.011) but the Syncytin 
copy number was also statistically significantly lower in 
primary placental tissues from patients with PE (5.4- 
fold, P= 0.047) and HELLP (10.6-fold, P= 0.019)-asso- 
ciated lUGR compared with controls (Figs. 2B, 3A). 
Furthermore, Syncytin copy number correlated with 
disease severity, for example, Syncytin expression was 
consistently lower in HELLP/IUGR (14.95 ± 9.10 copies 
Syncytin/ng total RNA) compared to PE/IUGR 
(29.2 ±19.0 copies Syncytin/ng total RNA) placentas 
(Fig. 3A). 

In the literature, a 25-fold lower Syncytin hybridiza- 
tion signal was detected at the mRNA level in PE 
placental specimens when compared with controls and a 
lower Syncytin/p-actin mRNA ratio was shown in 
women with PE (0.59 vs. 0.97) by semi- quantitative 
Realtime PGR (Knerr et al., 2002; Lee et al., 2001). In 
addition, Syncj^in was also shown to be reduced in PE 
placentas approximately 50% at the protein level using 
immunoblots (Chen et al., 2006). All these studies have 
demonstrated decreased Sjoicytin expression in pri- 
mary pathological tissues, but an absolute Syncytin 
quantification of RNA copy number in primary tissue 



TABLE 3. Summary of Data From Placental Primary Tissue and Cultured Trophoblasts 

Control PE/IUGR HELLPAUGR 



Cultured trophobleists n = 4 n = 4 n = 2 



Fusion index 
Nuclei/SCT 
|3-hCG [U/ml] 

Syncj^in [copies/ng RNA total] 
Apoptosis [a.U.] 



68.9% 
6,5 

2630 ±466.9* 
601.3 ±164.1* 
0.784 ±0.19* 



37.6% 
4.6 

615 ±361.6* 
73.8 ±26.9* 
1.767 ±0.33* 



18,9% 
3.2 

153.0 ±22.0* 
2.7 ±0.5* 
n.d. 



Placental tissue 



n = 4 



n = 4 



Syncytin [copies/ng RNA total] 158.3 ± 28.02* 29.2 ± 19.0* 14.9 ± 9.1* 

Apoptosis [a.U.] 0.349 ± 0.05* 0.655 ± 0. 13* 0,676 ± 0.08* 

P- values were performed using Students t-test. Significant P-values (P < 0.05) are indicated as a *; for details see text. Values 
represent mean ± SEM. n.d. = not done. 
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and especially in cultivated CT from PE and HELLP- 
associated lUGR patients to our knowledge has not been 
performed until now. In placental development, a strict 
regulation of Syncytin occurs up to day 12 after 
implantation during SCT establishment (de novo 
fusion) and also until birth in the maintenance of the 
SCT layer where CT fuse into the existing SCT (Potgens 
et al., 2004). The finding of lower Syncytin expression in 
PE/IUGR and HELLP/IUGR placentas analyzed at 
birth and especially the Syncytin downregulation in 
cultivated CT reflects a severe perturbation in the de 
novo and maintenance cell— cell fusion activities and 
supports an intrinsic impaired ability of CT to fuse in 
pathological placentas. 

Besides analysis of S3nic3^n expression as a key 
protein for cell— cell fusion events and visualizing SCT in 
cultured CT, P-hCG levels were analyzed as a biochem- 
ical fusion marker. It is well known that CT produce low 
P-hCG, whereas SCT express high levels of P-hCG 
(Hoshina et al., 1985; Shi et al., 1993). Therefore, a 
higher percentage of non-fused single CT in pathological 
cultured CT would predict a lower P-hCG secretion. Our 
results showed that day 3, CT cultures from PE/IUGR 
placentas had a 4.3-fold lower and from HELLP/IUGR 
placentas a 17.2-fold lower P-hCG level (Fig. 2A). In 
addition, p-hCG levels correlated with the severity of the 
diseases, with the lowest values detected in CT super- 
natants from HELLP/IUGR placentas. 

Different factors regulate Syncjrtin-mediated cell- 
cell fusion during human placentogenesis. The receptor 
for Syncytin, ASCT2 has been implicated in the fusion 
process, but was not found downregulated in PE 
placentas (Chen et al., 2006). The placental-specific 
transcription factor glial cell missing gene GCMl (also 
called GCMa), was demonstrated as a transactivator for 
Sync3d:in expression (Anson- Cartwright et al,, 2000; 
Schreiber et al., 2000), In the 5' flanking region of 
Syncytin at chromosome 7q21, GCMl bound two GCMl 
elements and upregulated Syncytin expression in CT 
(Yu et al., 2002). In addition, both GCMl-induced 
S3nicytin expression and Sjnicytin-mediated cell-cell 
fusion were demonstrated in two choriocarcinoma 
trophoblastic cell lines BeWo and JEG-3 (Yu et al., 
2002). Importantly, GCMl was significantly downregu- 
lated both at RNA as well as at protein level in placentas 
from women with PE (Chen et aL, 2004). Therefore, it is 
highly possible that lowered Syncytin expression in PE 
and HELLP-associated lUGR correlates with GCMl 
reduction and should be further investigated. 

Besides abnormalities in the process of syncytial 
fusion, a dysregulation of the apoptotic process in 
placental tissue may also be contributing to the devel- 
opment of PE and HELLP-associated or non-associated 
lUGR. A statistically significant higher apoptosis rate 
(1.8-fold in PE/IUGR (P = 0.04) and 1.9-fold in HELLP/ 
lUGR (P = 0.008) occurred in pathological placental 
tissues and also in cultured PE/IUGR CT {2.3-fold) 
(Figs. 2C, 33). These results support earlier studies, 
which demonstrated that placental sections showed a 
higher level of apoptosis in pregnancies complicated by 



lUGR (Miller et al., 1996; Smith et al., 1997a) and PE 
(DiFederico et al., 1999; Leung et al., 2001). Addition- 
ally, a 3.7-fold higher incidence of apoptosis was 
observed in PE placentas in comparison to controls 
(Allaire et al., 2000) or a 2.3-fold increased apoptotic 
index was observed in PE/IUGR placentas using light 
and electron microscopy (Leung et al., 2001) or the 
TUNEL assay (Ishihara et al., 2002). 

Recently, a new link between Syncytin and apoptosis 
was postulated where Sync3rtin showed anti-apoptotic 
effects (Knerr et al., 2007). This would predict that in 
pathological placentas due to a lower Syncytin expres- 
sion and reduced cell— cell fusion a higher incidence of 
apoptosis and deregulation in the pathway could 
pursue. For example, upregulation of effector caspases 
and p53 or a lower expression of the anti-apoptotic Bcl-2 
protein could occur. Molecular support of this could be 
the following: (1) p53 was shown to be upregulated in 
villous tissue from lUGR placentas (Levy et al., 2002); 
(2) Decreased Bcl-2 expression was shown in SCT from 
primary PE and lUGR placental tissue (Ishihara et al., 
2002), and (3) bcl-2 deletion in mice resulted in fetuses 
with growth retardation, confirming a role for this 
protein in placental development (Veis et al., 1993). 

Some known risk factors for developing PE include 
chronic hypertension, diabetes mellitus, previous PE, 
and multiple pregnancies (Albrecht and Tomich, 1996; 
O'Brien et aL, 2003; Villar et al., 2006). The cHnical 
findings in our collective showed that 25% of PE/IUGR 
patients had recurrent PE or HELLP pregnancies 
(Table 1), supporting a possible predisposition in some 
patients. Two present theories have been described for 
the pathogenesis of PE (Smith and Kenny, 2006). In the 
"two-stage process," abnormal placentation leads to a 
poorly perfused placenta. This results in the release of 
circulating factors that causes endothelial cell damage 
leading to a multisystemic disorder affecting both the 
fetus and the mother. A response to a poorly perfused 
placenta may be a fetal adaptive response. The second so 
called "continuum theory" proposes that a poorly 
perfused placenta releases higher amounts of debris 
leading to an inflammatory reaction and endothehal cell 
dysfunction (Smith and Kenny, 2006). 

We propose that during PE/IUGR and HELLP/IUGR- 
associated pregnancies, lower levels of Syncytin expres- 
sion could result in a deregulation of the de novo and 
maintenance cell— cell fusion pathways leading to an 
accumulation of non-fused CT. Higher amounts of 
non-fused CT blocked in their programmed develop- 
mental pathway become more susceptible to apoptosis 
and lead to a higher apoptosis rate. This higher rate of 
apoptosis may be contributing to an inflammatory 
response and/or result in a diminished exchange of 
nutrients or cellular by-products between mother and 
fetus over the SCTs. 
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